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(54) ANTIREFLECnVE COATING COMPOSFTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an antireflective used together 
with photoresist for a submicron pattern by making the composition 
contain a resin binder prepared by using a copolymer containing a 
monomer containing a chromophore of a ring-substituted quinolinyl 
derivative such as anthracenyl, quinolinyl or phenanthrenyl group and a 
crosslinking agent. 

SOLUTION: The resin binder component is desirably used together with 
a far-ultraviolet image formation system and absorbs effectively 
reflection in the far-ultraviolet region (about 100 to 300nm). The 
chromophore which absorbs a far-ultraviolet radiation is desirably a 
highly conjugated component. The desirable chromophore is exemplified 
by a bi- to tetra-cyclic hydrocarbon or heterocyclic unit each of the 
rings of which has 3-8 members and contains N, O or S. The desirable 
resin binder is exemplified by an acrylic resin having a pendant anthracyl 
group and represented by especially the formula (wherein R1 and R are 
each H or an alkyi; R3 is a halogen or the like; m is 0-2; and x and y are 
molar fractions). 
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Kits c7)mammi^-:>^ / y r^;Hll«#:. yx.-ty 
■^ymt:^^Lx^j:mm^uy^~i}^^^^h. IMKi 

IS-iXfz y^h Ui^:^ bffijSi^% (overcoated 
photoresist composition)t 

[ft 3 ] Mli^s-Y y r->?)^. ^ y U n . 

[ If 5^11 4 ] ft) laffiHgv 4 y r-i^i^K^T^P: ^tl^Tii 



[-ft 2] 




^M^^or^i-dr/p. 1 ffl^rv^ L*^;8ffloK*M^cJr;^ 




CH2- 



r4 

I 

-C- 



-CH2 



c-o 




Smxii^f^Wic^ 1 ji*^fb*<j8Mc7)^M-?<^r;P 

wti:, is^^, xi±. mMxmmm<Diim^^Lm4 
z«i. M*, mmximm^i^xhK) . 

#R7{i. MALT. ^M=?^>. lfla>5rV^L*5j8flSc7)^ 

mK^<^TJl^/\^M. Hi=5r(.^L*^8ffl<7)^3RJS^OT 

2im\:^Lm8mcoBtmm^cor/u^-)vm. yr 
JX\t- y n-c* 0 . 

n ti. 0 A, 7 * -C'CDfiSS:-?* D , &I>\ 

x' {±. 03{)^^>^8 0^s--feyh. -ttT, y' 
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CH2 




[ If 1 0 ] mmmij^:^ h^>'j< ^Mty Ua^O 
[-ft 5] 

H3CO— ^ ^CH3 



H3CO ^ V— OCH3 



[ 11*11 14] § ^> (cKXJiit^ife-fb-^il^J^^W LT 

[fIsRiM 1 5 ] ««*i^cD±tcil*JB 1 ^^^Kihifi 

[ f tsRii 16] ( a ) f t*ii 1 <DmAm±Msm<nm 

I mmn 1 8 ] mmmmjiMsmtrnx^miz x h 

[00 0 1] 



tlf^y ^ h ly hM (overcoatedphot 
oresist layer) ^COM^^^Myti^'f^U K) 

iz^^mi^m'^^'it^mmfsizm^^o xommi,z 
it. mmif\-(r>m^emM^iMmz\!&m-^ 
mm^u yr~mmi-^timt^±mmmmnzm't 

[0002] 

hfz^i,zm.m-ti>m^mx-hi> . y ^ v)y'jxY<r)WM 
mfit^m.cr>±-<<zm^ s ti , <'k^-^x\ yirhv-jxvmi^t 
y ^ h-rx 9 ^mLx\^mt^ixfzmm\<zm^^fi 

yirV^X-^it. '^^it^ixfzW^liZnLX^m^ 

^j:mmh'<^m\L^fifzm^z-^LXWn-^j:m<nWMhi 

. ^<Bmt^tifzmMi,zm±^tih y^^wj 
X vw.mmzM^ti.tzim-m^'&. ( p h o t o i n 

duced chemical transforma 

t i on) Sr:tt, -^fLfC i -.T 7 ^ b — 

yifiy :r M-'i^'x y^^ixtzmmzm'^^ 

[0003] yth)yi>'X ^-X7MT-f5r 

mx-h h o ±m(D^-:^'m.y ^ i^'x b oj*-^. ^gft-fb 

:r b P vx bma]i<7)gP3i- 

{i. 7=r b^>>"XbfflJig;if^5£DMffi^l:^t4ji:s 7^bl^ 

$fL^i^gPii-=t 0 hnwmm.izmmuz< < ^s, 

Digflf Lti< <^:S. y * hV'Jxhim.m±m 

m^iiZW^mrh 0. T-'^^rl^Xb (Defores 

t) i.zXi> ^y^WJ:^ vmfAmf-1j'& (Photo 

resist Materials and Pros 
esses) J (McGraw Hill Book 
Company, New York, 1 9 7 5 ) i0||2 
mf, ^-U- (Mo r e ay ) C7) ^^mW-^JV^ 
yy MM. RU. M'fA (Semiconduct 
or Lithography, Principles 
Practices and Materials, 
Plenum Press, New York) <5D|^ 2 

mRi/m4mizsEM^ttxi^x. zcom:Scmz-^^^xii 
li. y^h ui^'x hmmaRx/^commRx/mmmizm 

:^mmizt5K^xh0mLx\^h. 
[0004] y^hu'jx hcD±^j:mmi^mi^wmiz 

J^^xt'(7)x^^^^mzmm^tlfz^^mi^(^m>^i. eiik 

tLXcomm^^^-^^fzubi^z^ *TtL<«S5^n>' 

xit^y'i^vtycomi^^^^^^'mmff). m^c^Mnrnm^ 
0^=3: V b y V ^'xtc^m~r-i> i t „ mmzy 
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js^s-r ^ t 1. . mmt>^mL/y ^h\y-jy.h 
mwio^mt-t^ :i}iti^h 0 . ^ti^zi:-,x-mmzy 

[ 0 0 0 5 ] ii^v:. ^mmt^tltz^ (3^) i^RlttiS 

M^lZlt "'^'^^MWiW (standing wave 
effect) h LX'f&t^flXV^^ . ffi3K^aoi/>' 

(photoresist projection 

techniques) X'Vi^^'ftXlim^^'^ifm. 

m.^mt.zt5\^tm%m'm^zx-^x. -^m:^w^h^m 

x$imb=^»Lxy^h\y'jy^V(^^mz^n^^mm 

y:^h)y=jxh<7mvm^i'^h<7:)X\ mm<^^± % \ 
mm<^i^^z\imm\m.^z\%tMzti:h mm'^s.com 
y^hui^::^ hmimzBm^j^it<7)mm (edge 

acuity problems) S'SL^^i^hl^ 

t mytt^(7)izm-t^^m.mm.ti^mM-thc7)x\ m^y 
4-hu>'yi.h<Dm^i,znLm:fi\ii-hmm.t^j:h. 

^-i^tc^it. mmimm-th^t\,z^j:h<^x'mm,i 

^^zmmh^j:t. 
[0006] ^^{Z^ WR(r>mmm& ( s u b s t r a 
te t op o g r aphy ) CO^-ftti:. if1EK$r<£T 
^-frS^tt^Orplli (resolution-limit 

ing reflection problems)^ 



[0007] ^mw.'rf'^-i :xtimmm.tti:'^x^^^m.'& 
<^m^i}^i^. mm^x'\mmM.<n^^^ . mm^^' (du 

V) 3fe ( 3 0 0 nmtlTOiS;!) , K r FX^f v-e-V 
— *f-3t(24 8. 4nm). A r FX^i-V-V— »f 
( 1 9 3 nm) . fl:^ t-A&V'®CX|g^i;M< 

^llj&3{p'j)S, y^vvi^:^ym^^^~i^y'f^h 

t->^l>z^< LfzW-^^^m-tt^b-b-i^. m^b Lxm 

ti^-m.mi,zmmhfz. ts^oT. ^^mm^^mm-th 
^ttf^w^mmi)-'h<r>Km<^wm^±%<hx^fz. k 
%m<omm^'y^j: <-tt tzibmm s ti-i. mio^mxit . 
mmmt y^hu=jx hmmm t comizmx^^m.m 
mtmm^mmLx^fz. mnt. pcTmm^j^m^^m 

HQO/OSSQa-f- (WO 9 0/03 598) . EP 
OaiIB-i^ffi<Kj#ffiO 6 3 9 94 (EP. Al. 0 6 
3 9, 94 1) RX/^m^^¥fWt4 , 910, 12 2-^, 
15)^4, 3 7 0, 4 0 5-^at/|WIIS4, 3 6 2, 80 9 

-^t;(±, Kmm± (^M^-i^3>-i?]&±) fflfiS^ati^'^tfo 

T-{i:SftfB&±«X{SARC (RI^Kjihfflfilt*^) ti>mm 

[0008] HfriB03-n -/^N"#f^aiiii;^PBi-^fiim6 3 

9 94 1-^ (Al ) c7)ARC{i. < 1 1 1 

i^i^VI^a^Jfo-ft-^ifljt J: a ^z^-S^fitz^y^j: 

mmzhfz'^xt.i. KWh^MM^mmi-i^zm^L 
fzmz-mt ^fi^zi:->xryv^ ^yimm±^' 

iiO^^^fL/SARCJi, m^z'^'M!^X\±:nyzyy.^y 
i'— (consistency) tMLT, lft'>:^)^^7):X 

^^z^ xnry h yimn^t Km^^^^t^h^, 
hii, 9mmm<p^zmm^m$:^th ARcmn 
mmcommtimtt^ ztxh^ . i^mi,zhfz-oxi±. 
sm^tixy^^^ARcmamnixm^^tifz^k. ry 

y=y^ yvmW- h^'Jiy 'J/vi-^t^^t^mco 7' 'J -J)V 
1 5 0-2 3 0T;£7)?flJg. ia,«3 0:^raJPSft-r§C:i;*^' 

\mMmkm<nmmhMz^(nWMmi:i-iommx\mm 
■th:Ltt^x^h. ryv y'^ymmw-M-^mxijh 

^■t^bt^hh. iy-/y\y-^± (Shipley C 

o . ) C03 -n -/^mff\m/jim'ji:m.m 542008-^ 
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(EP, Al, 54 2, 0 0 8) t,Zi±mm^UyV~t 
[00 09] 

^z , 'mr^i)-^<n^m±.mmti^h ^ t v> a mm-h^h h . # 

J; 0 . SH^tti: "J y^y^' (notching)" 
f-^i/' ( f o o t i n g ) " , BP-feJI^fftfO^+^^^a 

mzX^v ^}~ymmmifi±Jii,z!n< iznim< ta-^ 
TLSiaJja&^t-&„ j'y^y'fhy~^yy%>. ^ 

[0010] 

[MM^Wi^LJ; o t^^^m] ^^^Mli. ARC 1 1 

^zmuLxzcomim^Km^'m-^'t^mm^u y-f 

- ^ *t- -g. . ARC ncnmm) ^' -< >• . ± 

I. i i; ifiX-% . ^h^zi.'^XWM^Wy^^h i i: ifiX 

^h^^^^ts. mm. "Am^v (duv) y^w-j 

- (c=o) o (CHj ) n ryY=>^y {^^. nti 

l*^ib*!j6^TV)»i![) TS§tL^*c7)J;3:&r/l-^l- 
yryV'y^y:i^::K'f}Vimvf^ixh. fficoliFS Lv^56 
-feHI>:LT{i:. d^yj-;!^. at/. bKndf^y^yy- 

y y - ;Hi##;*^'*ff o 4 t < {iffiliic7)# 
{a:i7)^5^rVi>L9 Oy^-■fe>'^. j;'9»SL<«i*!7l 0 

MBS£7)|ff4 Ll.^ffiflg^'^'f yy~\t. 2 4 8 nmti3>,^T 

X.JfXXT'/l'COj; a^ "-^Xi^^tLJt (maske 
[0011] ^felllJi!c^^#tfRI^|S&±fflB!c^%ffilli^s--^ 



T, il'^^< t 1 ffl*^%felll*Sr^tf^-^:< i; t 2 Wco 

tti^M^ia^tifz, mm, ^wnc^zc^mmi^mxu. 

ii'-=Sr< h t 1 '30«MX?i*#Bg Lf#-g. J^iftT Ji:^< . 

(Dm.mjMii'm^hztt^x'^^. iioimis 
[0012] ^5t. *^Bj«^i7)i)iit^:^s-rii:. .t°y 

'^^■^t>^uiumi^tii>. ^mcomzx^xmm^ 
M^i}^:^mmi^zyfm\^Kmi3\ # m^-mmt^hco 

X\ Z(r)Xo ^5&fel3«#**^03iv ^*i'±M 0 § fLJ^^ y 

W4^^'-^7b'fi:-r-g.>ii:J±. mizi^M^iza^^x 

[ 0 0 1 3 ] S ^l>Z. *%Hg{4. V U-7Mmf-J^BK-r 
liVXY^zm^^iXXUh. 

[0014] 

ntL<. mm^mM (nswtii. *«?i o o*^^>3 o 

onm) ^z^oifhRMim^mzm.lR■t^. ^-ox. m 
mm^-^^ y^"-f^-5fii. mmm^mxhhmiL. m-h 

immm-5^t^mm^mtLxii}mx'hh. j^mm. w 

i,z^m^m^tAimxi±mmmmiLfj^-mmiziift l i 
m^m^mxh-^x, mm. m^^ma. ^mcomm 

*«3=5c\<->L8M^T'fc'9. #^3^'9 0^>,^t3McO 

oxiism^<^n^^fz2i}^^3^^^L4mcom^m 

x{i:3>iiM^^*-r-i. . icA)j;a^iifeat:{i;, mmx 
immmiy :!^i'y h V Ji-. mmxia^mmmryhy 
mmxi±4¥mMmr^ui^y. mmxi±4^mim^ 
yi~)V. mMxmmim.^y^)-)V. ru\ bn-ndf- 

v-df y y - ;i.c7) j; a ^H*}^^ y U :i;ix^^;OiW^. 
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CH2- 



R 
I 

-C- 



c=o 

1- 

o 



[00 15] 
[-ft 6] 

Rl 



-CH2- 



c-o 




(I) 



[0 0 16] i^tf . #RaWRi Ji. ^^54ALT. * 

1 li^cv ^ L*7 1 0 fic7)M*Ji:^ . MCc-«Wt3(4 1 fli^ 
MALT. ^No^'v- (#(CF. C IXJiBr) , ifll^r 

V ^ t *t7 8 M<7)M«Ji^ ^> ^ €. r)V^)vm . Hil^- 1. ^ t 

*<;8fli^0**i^^:^)^^>^-g.T;PrJdf.>^^ 2ffl^rl, ^L*t) 

W£)dcr>m:h'0 . mti, 0 ( T >- h 9 ^/P-Jg^^'^c^tC 

m{±0. lX«±2 3&ilf4L<. x{±. ^^UV-ffi^T/l^ 

Ti^l 0>&^^>*^8 0^A°— fe>N>&^*Jit<. ^LT. y 
43^0T>'^^^r>'#■G^0^;^^^X^i•/^— 
■fe>'^■r•■^>'5T. **;5^V^L 1 0:<)^A>S43 9 O^'N-' feyh 

r 1 r 

I 

CH2 C < 

L I I 

I 



[00 17] iio*^';-?— (4, fhwz^xt^ ffit^^yv 
i^r}V^}vmmhzM^\.\^^-^ mx-h'o. r^ {42- 

bFadri/x^P> (-CH2CH2OH) 

Scot Hadr>-^sr*-ri.r/pdf /t^at-ab-i. ^ tT&u d 

r-J4. t K o^r S/dp y y ::_,^a:, j; 3 ps^ii,-;^^ < i: i> Hi 

J:a^j?5^0-¥^^i^■^^•eJ;v\ #t:|ffSLv^ARClSfli 

/■^A yy~}L\^x\X<'K^ (II) T'^^tL^r:? 

[00 18] 
[-ft 7] 




[0019] T^ffi. #R4 S.t>'R5 {4, #^MS:t-C. 
im. X{4. ^XJ4^^Hm<^Hi3&-ib*«78{itfOMSm 

^c7)r;l^dr;t^*T% L < {4afiXJ4^f^Mm<7)C 

1 _ 6 r;i^df ;i^*-r-^) 0 , #r6 {4. Mailt, amx 

{4^^«Mc^ lfli=5rv ^ L*«7 1 0 Mc^MI^M^^. Jgt^-^KS^J 
(CJ4 1 {i^l'^L#<7 6ji(7)M*li:^«7)r/txdr;VST-fe '9 . 
W{4. IS-^#. X*4, K^X«4#gmi7)Hi^v^L*^4 
fflcOMSS^i^r/W^^yST-ab'sT, *TiL<{4M-^ 



^T-j)0, z(4. mmx\mMm-xty 

0. #R7 {4. 3idiLT, f\ri*fy (#tF. C 1XJ4 
mv^L*l;8MO^^Ji;^^0T;P3dri^*. 2ffl^t-iL 

x\ n{4. 0 (zcr,mt^^^iz^mmm^fix\^^M 

*^^5 9 4TOfiiScT*-5T, n<40. lXi±2mj 
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iL^K x' {±, ;KU'7-tfOT;P^;l^T^UP-h# 

fic?)^ /P-S-^XJi^ ^°— fe >' h -5 T , 10 8 0 ^ n° 
—iz> hfjmtl<. -eLT. y' (±, rt:>J-?~fp<^^ 

AX'hk^^ff-^ ii'^^:<i;i>*tH 0^;W^°— fey bc^idf 7 

f-yPT-*) -S. J: d ^—mco b F i^^tr^Tt- -I. £7):^)i-|if t 
[0 0 2 0] miifiiOa^ (HP*>. ^»Ri *^Ji>R7 
r ) ; i^ry ; t Fn^r^. -Fn. Ti^JPXli'^COm 

[00 2 1] HUiEO i -5 tc. ARCStfli^H >':5'"-{±. 
T^)j!c-r-S> ^ t 4 L < . ^cO*l^t;{i^^=5r < t i 1 

ac7)^yv— Tb^'flfeaa. M;i(fry F^-fe— dry 

>j - t F odf Sx;^ y IJ - ^-t•^-c•■v > ^ i: 

^•t?>mm(r>=t y -e-^RiS^-tt^ ^ ^ j; ^ y u - 

ivi, *f3®=5r?§ffii; LTJi. rn^NV-;L'Sts'y^' y- 
y . F;Uxy2^lXdf vv-ycr, J; d =S:7?#i6}t«^**#(f 

s.t/'THF#i,^3i-cfci.„ ii;^^. m.-^KiB\immwk 
X\ ^izmnb^^tii^X'^h, m^<^y^)~=y-Jfi}V 

mUi. Ty-fX-2, 2' --<yyf-a::zFU/l- 

(AIBN)S.V1, 1' -TV'fX (>'^^^dr^f>' 
mx^tzmrnkz^mimtL^m^ ^xwmt-f^ ^th x^ 



y y-A fSHgSrr y F ^-)\^:ff)U:nymt Km^"^^ 

^b^^X^i>. 

[0022] iSARCttflgA"-f yr~i±. 1 , 000 
^Ut*!jl 0, 000, OOO^/t-Fy, SgO-^JKSlJlC 
{iltJS, 0 0 0=5rV^LI^l , 0 0 0, OOO^VPFycO 
MM¥%*^* (Mw) , S.VI^5 0 0^l^L*t;l , 0 

0 0, 000 F ycomW-i^-!d-^^ ( M n ) ^j^i 
i:*^^W*Lv^, ^%m<^^*J^-co^^*. (Mw-ttM 
nT-1)) {.±^>F?S3t:^'avF^^y ^(ii-ptaOS^^ 

[0023] *%HJ<?)ffiI§^S-< yy~\±^ 1 0 0*^^>*5 

3 0 0 nmoffij^F«3i^ J: d t^mm^mwcmjts:^^ 

y^-{i, *5j2 4 8 nm{Ci3V^-C 5 i^ay^/c 

Es »iL<{4248nml:tJV^TS^'DyS;^^'9*t?5 

-2 OVl±.<nmtm.miL. i 0*T4 l < «± 2 4 S n 
fcV^T 5^'ayS/lD*^j8— 1 6Jil±c7)®7tEm{i^i§ 
i»Sc0fSB&O^ffl*^4^^^^--fe y F t 

[0024] i/^. :*:^E^^ORl!ffiS±*I)j!t!|%«, 

%'&m^{iL^n-^mmhm^'thmim ( c o - r e s 

1 n ) h tTX{4ARc«fliy>'>f yy-^-^c^mmm 

hLx. ^m^?mmmiL^^Lxu^j:\mmi-^-^-t 

h^t ifX h , Mi. If. y ( f - ;t^y a: y -;F ) j: 
KKcmcom^^^M y^~mf<r)^X'WM^ixn^y^ 

[0025] *^HHc^RI'fl»±fflJjic^c7)ttJ|gysW y^- 

m^'iAyy-ii.. mn. AKccn^mm^-^com^ o-h-^ 
^.9 BM^s-- fey F, mz—m.mz\i-^mm^&.^ m 

^yhtx'<r>mmx'mm^tih. ^mM<^ARcmu. 

^fAzmmmfS.-^t:i.^t^. m^(7y^mm^mm^^^ 

tti^X^. ^cr,^lZl,mticr>->-yy'l^-^ ( Sh i p 1 
ey Co. ) O3-R>y^Nt#H=ifiliS54 2 0 08-^ 

i,zm^^tix\^^ARcmmmmi^mfi^tih. m^m 

t tT{±, y h^iyyf-Jl-ity'V zJ^'JiV- ( g \ y c o 

u r i 1 ) cr)Xd^xi&&m&cDmmMt>mi,ziftL^^. 
i *)ii}t t\^mm^\t Lxit. ik^ii 1 1) x'^^ti 

[0026] 
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H3CO- 



-OCH3 



H3CO 



-N 



N — 0CH3 



[ 0 0 2 7 ] il^ ]- ^iy j^^Mty 'J zi^^)M±^ii^<D 

f^tt ( Am e r i c a n Cyanamid Co. ) 

fi-^t^n^'f—\)y^ (Powderl ink) 1174 

7x7-/1^ (Ce H3 (CH2 OH) 2 OH) , Wim 
ii^h CStO 1 - 2cof4MiOM^ ) t Kndf i-SVt F 



[0028] immymmi!k3mmx^mi^fx.h^ v 

^ti^^'^th^b (SEM^S) h-^ibXmi^Xmtlfz 

^^mtLxii. itm^ximmmizm. ^ ^^t^ ^ m?t 
xi±. m^mzm^^^h^t-^m^mm^h^tiffi 

iftLv^o 2. 4, 4, 6--f b^ynAi^i^'n^Jr-^- 
t *^'*f s L u , vstt^bsf /t-* >'ig ^ ^t^^ 
t/^m-^i&mx'h^ . —m.mizm.i,zj::^m^^mii. nt 
L < itKMm±mm}co^^mmi^(^^ o . 5 ^> 1 5 

M^N--b yh. ^'0ntL< i±^m^^<Dm 2 MM 

[0029] 3Kt: J; ^^^mi^KMW±m.mMiX'mm 
Lxi^^K. mni^-^j^u. 1. i-b'^cp-^' 

oa:7xJz;H -2, 2, 2 - b U i^nn^ii^^ViT) i ■o 



Ttt^ i '^xm.^^^^^h(7^^z%m'itcmx'imimm 

KT'M^^ (post-exposure) ^-^Cx^ 

Km^±Mmmi. mzi:hm^±m^^-^i<z 
xi±{i'-tc<hh^mmz-^±'tiz mm. ^m^mm,'^ 
»p-c*sjifi»vN-— tryh5feii) , mxitmizi.hm9t 
'kmim<7ym^mhLxmmL. m^JM^mm^^^ 
tts:<. ARc^m'i^z-mit^^h. tfz. mm<Dj^5 
mm^mx^ittsL^MtrARccofp^mzmmt 
h^ifih*). mi>z^ KRccommmizm^mm^^ 

^^h<^)i<zm^^im:t-thAKc m.(^^^£ Kifih 
h.-mmtf:m}iLxi±. mtiii. hjv:i^yy.)VTi-^ym. 

( t r i f 1 i c ) mcoxo^mm. xit^tL(i>cou^ 

[0030] :^^m(^KmmjtMfmit. ttz. im'o 

^tifzy^hu^yxhrn^myt-t^coizmm-t^mnm 
^mm-ti immmm{t-^^i:i^A-x% '^i-m^zm 

tl. mniJL-:ty:^~^<-< Kit ( U n l o n Car 

bide) (7)v7P'>j: -/ ]- (Si Iwet) 7604(7) 
mSh^TW ^tiX^^^ "f-m-im . XUX U -a: 
( 3M) /&-^>7tTlE$fLTC^^¥Mvgtt^JFC 1 7 lifih 

^ yfimM^^^co(,zit. mmjm 

mmmf^wmrmmzmm^^htiK ^commt l 

Xli. M;cifKBaxf-/l-, 2 bdr^-x^;bx— t-/!^ 
a^ii'-^r< t i> lac^^'y r7-;bx-7^/V ; ^ h^i^y^ 

b Fn^i^flgii-tSo?§M ; ^^/P-bny/pyr-b^- 

x^;P'tay;i^7''r'b^-h, Tnblx y^^-U r7— 

y ^ f-;px— f /i' r -b ^~Y. i^y'u ^^uy^^'^ja 
— /U^yp<-?-/Px— r/wr-b:^'— hcoi 3=5rxxT-;P 
m. MVt;ri©»Mxxx/i^, l^Mrnbrv-ysi^;^^ 

v-y-j-u ^ ^ b y J: d ^xm<r>mmxh ^ , i^^ftJCD 
K^ji!c^^wvi^«, m.^-jjmcoj:o^m.-^:^-comi^izx 

1 0Sfi^^°— by h STM^S „ 
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[00 3 1] Tiii^mxt/^-^ffmcomzi. ^m^^&m 

yy-i±^ mmv 'jx hm.^m^.z^'th r)Vi] ^yx^m 
jigy y vx v^nvf] y TkigstM^igt: 

[0032] a^jiF* LV^l^yx ^Stliiv^'-< 

V , #t*/t^Ar;P7-'t F t com^{zMmti:y :c j -)v 

2. S-^i/U-y— 3, 4-^>'Vy-;P ; 3 , 5 

i^tih, mMimm^Kmizx-yx. (mw) -c 

*«j5oo/&^j^ioo, 0 oorji'hytx'^x.^zttf^ 

jiy-;P) {±. ^Ji.Jf*lil^i¥ll4 . 4 3 9, 5 1 

8, 2 3 0-Jf-tCgB^§fLTl-i-§>, 
[ 0 0 3 3 ] 4-°y ( \z-/uy x 7-;^) iiM^cO^itT 

WM-^l,z^-oX^m.$ixX J;:\\ -itU b'-;i.yxy— ;k 

x\^^^-?'j yximtm^ u yiM^^mtfz'ik. 

b F v-^>f IM^irr -g. i i: J; 0 ig 

mLXX^\ *ffl^b--/l.^xy-;Hi{i. M 

jE-T-g. b Fndr> r7Pdf;u:7 x y-;Pt7)M7]<X{i:amM 
i>L<{±#aj^b Fndf^'^.yXr/PTb F^voy 

mbKm^^x^m-:^^vx3^'y^-! &m(r>mMmiz 

X')Xi>mWi^tiX^^\ Zfi^co\z-;i-yj^y~jvm 

t-^^mm^tifzia-t lv^*.°u \z-jiy3,y-jmmii. 

^2, 0 0 0*^^>*t;6 0, 0 0 0:^^;l'F>'4T-<50ii-^M 

(Mw) mm^n^. 

[0034] yx.y-jvt . #^#)^^5tT;L'3-/i.# 

y -^-Rlf^iOmmmii , -^-'/^Jfl— (Thacker 



ay e t a 1 . ) <?)7|t|l|#fFm 5, 1 2 8, 232-^ 

«±, b■>^b Fa^v-y^/HtfL-^*^. m/y"u y9m.y 

Ffflfi£!|*I^o^^5^^j^ft'&^^L^>o^fflis,t^^^^^b<?) 

fieffl^{i:3i^mti^ii5 . 13 0, 41 

m5, 1 2 8, 2 3 0^t^MS^$tl.Tl^S. jD;iT. 7 

:r F p i^'x FffljjgtjcD y F y 7 y ^ ^tt^MtcMffli-r-i. 
~^m^X\i-m^zm.7i--^h^h ' t i)^X% h „ Mi 

{i\ wmmi-^m^mth t . tKms (photos 
peed) mfmm'<^^mmx% . %fz'mMm¥<^vi; 
X F (mm^m^wmx'^ h „ 

[003 5] -^W^<n A R C,® t ft tfflfflt"-!. y^YV 
S/XFc^loc^M^^M^LTJi ^K5^"M^ 
i''XFT-*)'?T. icOWi?XF(±, 3l£tCj:.|.K^^J. 
S.l^yd^5>y^'t L<(±*fy (b":i;t'ya:y-;l^) XJ4 

K^i^'XFcOMffiic^i^TKtt'fWi. >e*tLT 

M(nwmmmm.(nr)Vf] ')'^:^mm.zYmmx. < m 
i<zim^ti^m^^fs.w±. 2, 1, 4-'jTV^yh 

^ y y x;F y ^xx x/L-S-t/' 2 , i . 5 - 'JTV'i- y 
F ^ y y X;F4^ yKxXT-/Fc?D J: d y y i>"Ti/ FM 

[0036] :^mncr)mziii-i L\^mmxu. *^bj!<7) 
A R cmi-it^mzmm^itfz^' 'Jmv- 'jx f iD^f^;) t 

*Hi^fFll4 , 968, 581^:114, 88 

3, 7 4 0-^:^4, 810, 6 1 3-^ ; &t/"m4 , 4 

9 1, 6 2 8-^; {Ztm^^tLXV^X. it'^mzm^^fi. 

tz^-jmv vx F omw^wim\,z-^\ 13^ t T V ^ 

^t^^tiisMy* FF'i>'xF(i:. mz^hmm.m\hm^ 
}M y^'-coift-^m^^L. mmm^u yi^'-tsy ^y 
-;i-#f5t) ^^y X y-yl-^fi t-^tr :3 y 2-*^ 
"So MxJf, ^oia^rn^yv-oiocTJSF^Lv^gp 
^co3;Ky -e-cD^yx y-;^#fit:c^;^siWW 

1 ^£0#t;jff4 tv^ii^y v-®it^\'>f yr-{4. ii^ci^; 
T^^ns Hi 0 X t y ^ j^-o T V , 

[0037] 
[-(1:9] 
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[[]. [|], 

OR' 

OH 

[0 0 3 8] (^^^ t Fn^i-7PSii;. at^W?—^ 
^LT, R' tilfli^rV^Li^l Sjico^il^, § 

^^zitmmm i fi*-^.*«j6 ^r>.^ t sfflc?)^?!^^ ^» 

-pK^S^ L < (i^fsBJ^Sr/k^/PT-*) ^ , t e r t - 

tT. mtifimw±<^j\rt'yy (m^zF. c ixjiB 

r ) . C, _ 8 T/t'^^x, C2 - 8 T^V-^-iUmizX 

rj^i<zm&Lx^^xi,x\\ ) 

[0 0 3 9] icoJ;a^n^Uv-{S, S^tc-ft-g. ; i; 
/P-i:, t e r t-:r^;wr^'Ul/-h#(7)J;'5^«^M 

{Si^^no ^ u - ^ fv^f^Tx-m-^x" § ^ „ tmim 

xx-r/Uti]". I!B*>R' -o-c ( = 0) Mr^y 

t. y&izximmm^mm o ^mzi.. m^yt-o-? 

— *f4t<{i*^7S, 0 0 0;^^^>*1j5 0, OOOCDM 
J: '9ifSL<{4S«Jl 5, 0 0 03&^^>*^73 0, 0 00 

c7)MwSr*L. *t;3iUT, i 0*f4 t<{±*^J2i:J^T^0ii• 
^*^i■^li^*^-§. » ^r7xy-;w^®fli. ^Jitf t e r 

t -y^fvr^ y h , x{±t e r t -y-f-^v^i?'^' 

{i, S;^^. B5[|B:7y-^i/';«r/^s-^XJiS'JcD<K^<7)^JiK 

TiJISLTi J:< . Its, 0 0 0*^^.S<75 0 . OOOcD 

Mw. Rx/m 3 aTcr>j^^m^^^n-:>cr,tmmx'$>^ 

:5'(Sinta et al.) ^iO*li|!|tfPll 5 , 2 

5 8, 2 5 7-^(cP3^r:§tLTV>^, 

[0040] 3|s:^Bgc7)ARC t #tt:fi|ffl't.2./c46c7)if ^ 

mit. mmxiim^tt^mmt. Mz^^mm.mtco 

^msmsRX/^COmmmii. (Thac ke 

ray e t a 1 . ) ^<7)H-n >yy\°#itttilllS0 1 

6 4 2 4 S-^aiA'^O 2 3 2 9 7 2 -^fi.t/*lil#itlg 



5, 1 28, 2 3 2-^i,zm^^tix\^i>. mm^uyy 

/P) »,:*^WbtLS. tltL'^^mmMtLXii. ^"7^ 

u n •> y /oVi^'T-^ 5 ymmMRv^mmm 

mm^^ibx. Tiymmm:hmf(ytih. ^^sy 

^mmmut. mtn'^^/v- (cymen 300. 3 

0 1 . 0 BcOffiiR^-Cr^ y;^'i^>^r-^5 Htt 
(American Cyanamid Co. ) i)'^^ 

^^§ttT v^i.^ 5 s ymm^msht Lxmxx^ 

i5''y3T!7y;U-ffl|i{±. i^;<)V (Cyme 1)117 
0. 1171. 1172. ^N^'^y-yy^' (Powde 
r 1 i n k ) 1 1 7 4 c^FSnn^T'T^ \):^yiyTi-^ Y 
( Am erican Cyanamid Co. ) 
^^tl. mmX^mii. t- h/K B e e t l e ) 6 
0. 6 5Sl^8 0cO^a^-C«$fL. ^LX^yYi/ 
Ti-^ymf^lt'^^fV (Cyme 1 ) 112 3St/l 1 

[0041 ] *^BflcOARC^t^^tffiffl§tlS*m^ 
l^yx h<7)3tiSII^M (photoacidgener 

a t o r ) -ft-^i^t Lxii. mm^mm4 , 442, 1 

9m. mA, 603. 1 0 1-^aVB4. 6 2 4, 9 

1 2^\,zm^^fiX\^hi.d^j:yf--^M.^\ RV^^^vA 
1^—^ (Thackeray et al) CO^m^W^ 
ms, 1 2 8, 2 3 2-^dB^f;$^^T^^^v^^^■>-'fL'S 
^tt-ft-^ifeiiO J: S ^y^fl-MiS^tett-fL-^if^. lit/" 
\,zx)Vii'^yit:si:x'r}VRV^y.}V-!i-^—)Vir^i^'>- V y^^ 

}^tzxiv^^ ymcomzx^m.%!kmmifmf ^fih , ^ 

yf-i y ]- i^iy— h. t e r t - y-f-ji^y x -ji-Tfi-y 
T- ( p- h/t-xyx/l-jf^n/l^jt^i^) -T-fe^— hS. 
t>'t e r t -y^^Ur/P^T- ( p - b/PX^X/P^^::! 

y-?— -tf-fxy^x Ty¥ -f^^ycfS/— J (J. o 
fPhotopolymer Science and 
Te c h n o 1 o g y 4 ( 3 ) :337-340, 1 
99 1) ^#M§il/cV\ JfS LV'>X;^4^•:^— b PAG 
»J±i^y:J' ( S i n t a e t a 1 ) cO^H^It^ 
5. 344, 7 4 2-^(.CfcM^$tLT(.^'&o 

[0 04 2] :^mm<^ARct^i^zmm-t^y^hV'iy 

(i\ i^fgt^JSt/^flfei^maaMi: tT3t'fb^^ffl (act 

i ni c ) t:w^m[Rx/^yhyy(^hm±mm^. ^ 

^^i^^i^v^T. z<r)Xoti:'£mi<zjxi\:^fzmtmMy^ 
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mcr>ARCmi±. hUy"J-y^K. X;l^;^yK^'H'>y 

t L < {i;ffic7)X;P4^ 2 iy.T£7) p K a ( 2 

±-i-hy:thi^i^:^htm^^^tmiz^m-^hh. mm 

[0043] mm^zhtz-^xit. ^w^c^mmitm^ 
mi. mm^o . o 2 1 o . 5 j:xmcr,^<^)^mm<7)m 

*f4L<<±*^0. 04t0. 2 0jumcorscr,mmm 

com $ xmu^zmm ^tih. mwmt . y^wj^h 
^ms.'thyn^:^i,zi5\^xm^ti^ih,mm^fix\^h\>^ 
^ti(^mm.xhiTMX'h^ . mtu. mmLbLxa. 

j;v\ ^Sb^t^vxtix-, x\i. mm. :^'7xmm.. 

[0 0 44] ifi L<{i7* M^S^'XMaggfSuj&^'ARC 

mm-mi. KYicaymrnkz^-^xmcth. 

X. ^<m^mmx\imwtm\^^t.ts:\^^\i. m 

mmmf^mt . mx\imwt!^m\Y.-^m^'^t^wmn 

cTD^-^J: 0 tMLvv {<im'^tsM\YjM^\iM=i 1 2 0°C- 
2 2 *!jO . 5^rV^t4 04i-raT*-l.o m^ff^i; 

ifSLvi. mm(r>i.6\<z. ARC*i^et3j:-z,KII 

mmz^<nwMm^mm-h^}:.\,zi.^x. '}ft£<th 

^%m^z\i. Sg-fbS-tt (f?iJ;t{j:\ *^;l 0^rV^L3 0 Om 
J/c m2 ) ^ ;^\,^-C5 0-2 2 B^Cf M^^fe^-^V 
(post — exposurebake) ^'^h <, ^ 

<?) J; a ^lE^tiOflt:. :7>j- M^i^xh^ ARC<7)^®t; 

rn^-t^, ARc<7)m^bnmiz. mm. mm. ^-x 

)(!X ( m e n i s c u s ) XlfO—fl^^liZX hXo^ 

& I. . m^(7ymi. —mmzya- h p v'x hmmmim 
mizjz-yxm^Lx. a L < «i 1- i^'x b a7:?i:^tt«'i4 

t=Sr§4TM^I^*-rs„ &i,1i}tL<ii. ARCjf 



[0045] i^ctc, -ex^'^MLTvStt 

m^mfi:mmi\,z:i^^i\L^h /ca6(C5E4^=5:M3^J^^^ 

)V^—\,zi: ->x. x^'Jy. VWM.m^z)^9-yit^ixfzm 

m^mmzi.hi>K -mmt^zi^^ii-hsoomj/cm 

it<^~^y^^'^mLx h xvK mui. :^^^m(7mmit 
m.yirv\y i^'x mm^mmmK)!^^fro tzmz—m. 

m(^Mm^<i^^mt-th. -mff^iz. mmk<^^~^yy 

0°C— 1 6 0°COiEHc7:)jafS:*^"#ft%tL§ <. 

[0046] i'K^^x'. mit^titzi^^Jx vmrnmimM. 
^ixhifi. ^m.itT-v'yy^fvry^-'^j^. ^miti- 
h y ^7 A , ymit:^ v^j^. mmi- hv^j^. mSH<« 

mmm^mmx-^^, -mmiz. mmr^mm^zx<m 
^tix ^^^ijmzx i> , i^mzm^ . 'm.Lfzmmm 
mmm^'^i/zmit^^hrzibiz. uiUimmiYsiy ^ 
vv-jxY^mmK-^yyifimi oo— i 5 0'ct.x 
cni§,mxm.^mnhK^ . mz. miB.^ixfzmm.iiy:t 
h]y=jxhcomiii^tifzmumMiz. mimnuj:. mt 
i£mmm^z-'Aj^<r>^]\mzm -ox. y^hh^'jxh c^mm 
^tifzmRmmi^\:^m:^-y^yi^xii^ ^y^^-r-s^ 

t ti-ix--^ h . M5:x -y ^yym hLXli. y-7 iYMm 

:tfxj^^yi-y^umm^titz^^v-i^Bym±wm.m 

h fz>sbco t coxh "9 . ^mm ^ix^ comtmiizmM^ 

ti^ij(DX'ii^x\'-^. 

[0 04 7] 

immm] 

A. ^\jn^>'y^^':^VU~h<DmM 

m^^mii/i.mRt/mmmxan^cD5 o o m i fu&y 

5xrJtc, 5, 7-y^na-8-b Fn^i^^y lO' 
{^uu^i^y) 5. Og (0. 0234^:;V) . ^^tiS? 
^'y;l^K2. 0 1 (0. 0 23 A^iV) . mty^i~Vy 
5 0 0 m 1 . A-=J:^ ^)VT S ,/ - 1° y (DMA 
P) 1. 43g (0. 5Sfi) . m/l - {3--J^i~ 
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yt-rSyrnlf/P) - 3 -x^;P;^;l-4<^ 5 K (EDC 
1)6. 1 2s^^XLtz. clco^JE^M-^ffaSrSlSS:!!! 

5°c-r-i 2^m. mtA,Lfz. ^co^m^^^ 
B. y<^}VTyV'y'^yy^^9'}v—vo:>mmi 

^f-/kry b7-t>^X^'^ U b (CHg C ( = CH 
2 ) CO2 CH2 - 9 -rvh^-tey) r-e:?'a^ 
V^A— /t'Xj (Macromo 1 ecu 1 es, 1 7 
(2) : 2351984) tMS^§ixT(.^-&:*r^-CifflS 

[0 0 4 8] 2. fMlicDilllM 
bFndfvx^/P^^i^yi^-h (HEMA)/^f-;u 

ryf^'try^:5'^"JW'— f (ANTMA) a;KU-?— 

mm. m.mmxBa/%'^mui'^%<7y3 o o m i 
<^3Nc7)^y^x3(;, HEMA m^i^zxhrnm^ 

^) 16. 0 g ( 0. 122 9^)V) , j^f-zL-ryb^ 
-tr>';^:J':?' DL^— h8. 49 g (0. 0 307^;k) . 
AIBN 0. 244 9 s ( 1S»%) . at/THF 1 
SOm 1 ^mXl^tz. a«T-VN°->?t^;5p'^>. K^-y=7 
X-=ii:mWSMcri^X"^.i^Lfz. :i<DK^y ^ xzi cr>^ 

mmMWth t . Kmy ^ Ltzik. mm 
x'^-^-'JLfz (3 0) „ zcoKim-^^m^x'is 
mmm.l±^ t-tz, tm^^ g -?-sr 3 o o o m i 

^}\^cr,^X-it»^'itX. -ri^Lfzm. *^TT-5 O^CT- 
^M-t^t. -CH2 C (CH3 ) (CO2 CH2 CH 
2 OH) -^i3.i^8 1^JWi~'tyhRX/-CH2 C 
(CH3 ) (CO2 CU2 - 9-Tyh=y-ty) mi.tf' 
1 9^)W^—izyhX\ Mnti^2 2 9 5 . Mw:^jS 1 9 1 
50m/Tsti^l 0 l°Ci7)HEMA/ANTMAr74-°y 
^~i%tz (JDi*8 6%) . iajDiOHEMA/ANTM 
Ar7rh°UV— , M/. HEMAX-^rtn^iyy;<^ ^ V 
h^rh^iJV— (5lffl0lj2-6c^fStiH) S:, HEMA 
X^T^T^^i^y^^^'I^ U L— h U -?-cOi)s|K<7)^ 

^'jy-h izm^m^xmrn^s^rnxmrnLfz. 

[0 0 4 9] ^Mi^iJT-l 4{±. 2^^0^<7)ARC^i7)||g 

mrnmi 

^i,^ti,zx^mm Lfz „ ^^<:omm^mm±mm 
mmi!D:kmm.mmkLx. mm^x-mLx^^^. 

( 1 ) mm^-^^yy- ■. 2. 33%mA% 

if-o (c=o) CH2 -9-ryhy'^yi<zX':,xm. 
m^KfzJ^^^-/':'wm^) 

(2) ^mm -. Powde r 1 i nk 1 174 0. 

6 1 % ( r;>< u yiyT-r s Y^m ) 

(3) M: p-b;Wxyx;k4^yM 0. 0 6% 



( 4 ) ^ : ¥LKx^;W 1 8% ; i^^rt^^^Jy 
1 0% ; st/rcfb°^y^^ua-;i'^yj^f-;kx-x;t' 

68. 9 7% 

icOKitffi±ffl^*^Sr , iSfll 0 0 mmCf)^^iki^ 'J 3 
ymS.\.Z3 10 0 r prnt-XUVn-^y^tl^cm. * 

^jD»«J:T-2 0 5''CT-6 Ofj^^^^-^y^-Lf^. 3<7) 

m;i^fe)S;L7^c»S{i6 0 or^yyy.vn-J^xh'jfz. 

h ( I BMaSST'CGR2 4 80ffiiHt^'r'IR^Sn.TV^ 

S) 9 5°C. 6 0#fHlc^*^iD^«A;_^y:yco^ 

X\ 8 9 0 0 ::t >-^'"X h n-Acr)JJ § \,z^j:h t. Xm^ L 
/i„ is: XLS^at^XT•>/y^-S:li[!V^T. 
t^'fflV^ra|!RTv^•:5'->"^b$^t/i^Xi? SrilLT . 9 m J 
/ c m 2 COWtimX-JcM D S tLfc IxxXfJfjKrFX 
^^^-MW3fe (24Snm) tiM3teL/i„ J^-t-icO'^ 

iy\-Sr*SJnife^T'9 3x:x'eo^f^^~^yy 
L. <5:tMF7 0 23Eni?is (i^-/Tv-^t: r;i^;&y7i< 

}§M) T-4 O^falilffeLf^. l^i^'Xbc?)7-^^^'-^iff 
MSEMtCi'^TiliM-ri.i:. ffl^tfOmtcMLTi^l^ff 
Mt^MLTtKO. 2 7//mT% T%1 2 nm-Cafeo 

[00 50] HM^JS 

imm^^ {mm^m<±mt) mwh lx. mMmx-m 

1 ) yy~ : ^U-?- 2. 3 3% (*t)4%i7) 

i?"y i^i^VP^i^i^OHamL. ^L-r*«78 0%(7)OHa:{?^ 

-o (c = o) CH2 -9-ry h^-feytci-^TM^ 

§n^cy^'9-y^'«®II) 

2) ^MM: Powde r 1 i nk 1174 0.6 

i%{r^^)iiy v-r^SKas) 

3 ) K : P - ^^^^>'^^^*>'K 0. 0 6% 

4 ) ^MiifiM : FC 1 7 1 0.03%(3MttM) 

5 ) MM: ?L^X^;l. 1 8% ; i^^'o-^dp-if y >• 

10%; mf y°r3 f V- yi?-' y 3 -/i^^ y .x f-zi-x-f- 

/l- 6 8. 9 7% 

yS«tcxt°ya-^y^'X^cf*, *SSDii^T-2 0 
5 °c-c- 6 0 #rBl^-di^ yyvfz. i oB#(c:t^ t /iJ¥§ 
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1 . Title cf Invention 

ANTIREFLECTIVE COATIKG COMPOSITIONS 



2 . Claims 



1. Ail ajilirefleclive coating composition for use with, an overcoated 
photoresist compositioji, the antircflcciive composition comprising a ciosslinker and 
a resin binder that comprises quinoliny I groups » quinolinyl derivatives having a N, 
O or S ring substituent, j[)henanthTenyl groups, acridine groujps or alkylene 
anthracene groups* 

2. The antireflective composition of claim I wherein the resin binder 
has an optical density of at least about 4 iinits/ju at 248 nm. 

3. The antireflective composition of claim 1 wherein the resin binder is 
formed by polymerization of one or more monomers that contain quinolinyl 
group, quinolinyl derivative having a N. O or S ring substitucnt. phenanthrcnyl 
group, acridine group or alkylene anthracene group. 

4. The antireflective composilion of claim 1 wherein the resin binder 
comprises a polymer corresponding to the following formula: 
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wherein each R and R' is independently hydrogen or a substituted or 
utisubstituted alkyi group having from 1 to about 8 carbon atoms; 

each R^ is independently substituted or uniiubstLtuted alkyl having I to about 
10 carbon atoms; 

each is independently halogen, alkyl having I to about 8 carbon atoms, 
alkoxy having 1 to about 8 carbon atoms, alfcenyl having 2 to about 8 carbon 
atoms» alkynyl having 2 to about 8 carbon atoms, cyano, or nitre; 

m is an integer of from 0 lo 9; and 

X is frotn about 10 to about 80. percent; and y is from about 5 to 90 percent. 

5, The antireflective composition of claim 4 wherein R^ is a 
hydroxyalkyl. 

6, The antireflective composition of claim 4 vy^hcrcin the sum of x and y 
is about 100 percent. 

7, The antireflective composition of claim 1 wherein the resin binder 
comprises a polymer of the following structure: 



CH2 




wherein x and y are mole fractions of the respective units. 

8. The antireflective composition of claim 1 wherein the resin binder 
comprises a polymer corresponding to the following formula: 
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CH2 



wherein and are each independently hydrogen or a substituted or 
unsubstituted alkyi group having from 1 to about 8 carbon atoms; 

each R« is independently substituted or unsubstituted alkyl having 1 to about 
10 carbon atoms, more typically 1 to about 6 carbons; 

W is a bond or substituted or unsubstituted allcylene having 1 to about 4 
carbons; 

Z is a carbon, nitrogen, oxygen or sulftjt; 

each independently is halogen, aikyl having 1 to about 8 carbon atoms, 
alkoxy having 1 to about 8 carbon atoms, alkenyi having 2 to about 8 carbon 
atoms, alkynyl having 2 to about S carbon atoms, cyano or nitro; 

n is an integer of from 0 to 7; 

X' is from about 10 to about 80 percent; and y\is from about 5 to 90 
percent, 

9* Hie amirefleciive composition of claim 1 wherein the resin binder 
comprises a polymer having the following strucmre: 
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CH3 
CH2 C 

CO2CH2CH2OH 



-CH2 




wherein x and y are mole fractions of the respective units. 

10. The antirefiective composition of claim 1 wherein the crosslinkcr is a 
mcthoxy methylated glycouril. 



1 1 . The a;itireflective composition of claim 1 wherein the crosslinker 
compound has the following structure: 



H3CO- 



N- 
N- 



-0CH3 



CH3 



12. The antirefiective composition of claim 1 wherein the crosslinker is a 
polyhydroxy compound* 

13, Hie antirefiective coniiposition of claim 12 wherein the crosslinker is 
an aromatic compound with at least atie hydroxy and at least one hydroxy alkyl 
substituent. 
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1.4. The antireflective composition of claim 1 further comprising an acid 
or acid generator compouad. 

15. A coated substrate comprising: 

a substrate having thereon a coating layer of an amireflective composition of 
claim 1, and a coating layer of a photoresist over the amireflective layer. 

16. A method for forming a photoresist relief image comprising: 

Ca) applying on a substrate a layer of an aiitireflective composition of 
claim 1; 

(b) thermally curing the antihalation composition layer; 

(c) applying a layer of a photoresist composition over the antireflective 
composition layer; 

(d) exposing the photoresist layer to activating radiation and developing 
the exposed photoresist layer. 

17. The method of claim 16 wherein the activating radiation is in the 
deep UV range and the photoresist generates a sulfonic acid upon exposure. 

18. The method of claim 16 where the antireflective composition further 
comprises an acid or thermal acid generator and is essentially free of a photoacid 
generator compound. 
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3 . Detailed Description of Inventioa 

BACKGROUND OF THE INYENTIQN 

1. Field of the Invention 

The present invention relates to compositions ttiat reduce reflection of 
exposing radiation from a substrate back into an overcoated photoresist layer. More 
particuiarly, the invention relates to antireflective coating compositions that contain 
a resin binder components that effectively absorbs deep UV exjposure radiation. 

2. Background Art ' 

Photoresists are photosensitive films used for transfer of an image to a 
substrate, A coating layer of a photoresist is formed on a substrate and the 
photoresist layer is then exposed through a photomask to a source of activating 
radiation. The photomask has areas that are opaque to activating radifition and 
other circas that are transparent to activating radiation. Exposure to activating 
radiation provides a photoinduced chemical transformaUon of the ptiotoresist coating 
to thereby transfer the pattern of the photoniask to the photoresist coated substrate. 
Following exposure, the photoresist is deveJoped to provide a relief image that 
permits selective processing of a substrate. 

A photoresist can be either positive-acting or negative-acting. For most, 
negative^acting photoresists, those coating layer piortions that are exposed to 
activating radiation polymerize or ciDSslink in a reaction between a photoactive 
compound and polymerizahle reagents of the photoresist composition. 
Consequently, the exposed coating portions are rendered less soluble in a developer 
solution than unexposed portions. For a positive-acting photoresist, exposed 
portions are rendered more soluble in a developer solution while areas not exposed 
remain comparatively less developer soluble. Photoresist compositions are known 
to tlie art und described by Deforest, Photoresist Muieriah and Processes, McGravv 
Mill Book Company, New York, ch. 2, 1975 and by Moreay, Semiconductor 
Liihography, Principles, Practices and Materials, Plenum Press, New York. ch. 2 
and 4, both incorporated herein by reference for their teaching of photoresist 
compositions and methods of making and using the same, 
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A major use of photoresists is in semiconductor manufacture where an object 
is to convert a highly polished semiconductor slice, such as silicon or gallium 
arsenide, into a complex matrix of electron conducting path5» preferably of micron 
or submicron geometry, that perform circuit functions. Proper photoresist 
processing is a key. to attaming this object. While there is a strong interdependency 
among the variouss photoresist processing steps, exposure is believed to be one of 
the more important steps in attaining high resolution photoresist images. 

Reflection of activating radiation used to expose a photoresist often poses 
limits on resolution of the image patterned in the photoresist layer. Reflection of 
radiation from the substrate/photoresist interface can produce variations in the 
radiation intensity in the photoresist during exposure, resulting in non-uniform 
photoresist linewidth upon development. Radiation also can scatter from the 
substrate/photoresist interface into regions of the photoresist where exposure is not 
intended, again resulting in linewidth variations, The amount of scattering and 
reflection will typically vary from region to region, resulting in further linewidth 
non-uniformity^ 

Reflection of activating radiation also contributes to what is known in the an 
as the "standing wave effect". To eliminate the effects of chromatic aberration in 
exposure equipment lenses, monochromatic or quasi-monochromatic radiation is 
commonly used in photoresist projection techniques. Due to radiation reflection at 
the photoresist/substrate interface, however, constructive and destructive 

interference is particularly significant when monochromatic or quasi-monochromatic 
radiation is useci for photoresist exposure. In such cases the reflected light 
interferes with the incident light to form standing waves within the photoresist. In 
the case of highly reflective substrate regions, the problem is exacerbated since 
large amplitude standing waves create thin layers of underexposed photoresist at the 
wave minima. The underexposed layers can prevent complete photoresist 
development causing edge acuity problems in the photoresist profile. The time 
required to expose the photoresist is generally an increasing function of photoresist 
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thickness because of the increased total amount of radiation required to expose an 
increased amount of photoresist. However, because of the standing wave effect, the 
time of exposure alao includes a harmonic component which varies between 
successive maximum and minimum values with the photoresist thickness. If the 
photoresist thickness is non-uniforra, the problem becomes more severe, resulting in 
variable linewidths. 

Variations in substrate topography also give rise to resolution-limiting 
reflection problems. Any image on a substrate can cause impinging radiation to 
scatter or reflect in various uncontrolled directions, affecting the uniformity of 
photoresist development. As substrate topography becomes more complex with 
efforts to design niore complex circuits, the effects of reflected radiation become 
more critical. For example, metal interconnects used. on many microelectronic 
substrates are particularly problematic due to their topography and regions of high 
reflectivity. 

With recent trends towards high-density semiconductor devices, there is a 
movement in the industry to shorten the wavelength of exposure sources to deep 
ultraviolet (DUV) light (300 nm or less in waveiengtli). KrF exclmer laser light 
(248.4 nm), ArF excimer laser light (193 nm}, electron beams and soft x-rays. The 
use. of shortened wavelengths of light for imaging a photoresist coating has 
generally resulted in increased reflection from the upper resist surface as well as the 
surface of the underlying substrate. Thus, the use of the shorter wavelengths has 
exacerbated the problems of reflection from a substrate surface. 

Another approach used to reduce the problem of reflected radiation has been 
the use of a radiation absorbing layer interposed between the substrate surface and 
the photoresiist coating layer. See, for example, PCX Application WO 90/03598, 
EPO Application No. 0 639 941 Al and U.S. Patent Nos. 4,910,122, 4.370.405 
and 4,362,809, all incorporated herein by reference for their teaching of 
anti reflective (antihalation) compositions and the use of tlie same. Such layers have 
also been referred to in the literamre as antireflective layen; or ARCs (antireflective 
compositions), 
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The ARC of the above cited European Application 639 941 Al comprises a 
compound having one or more glycidyl groups in llie molecule, al leasl one 
anthracene derivative derivatized so as fo cross-link with (he compound having one 
or more glycidyl groups and a solveni. In use, an antireflective coating is coated 
onto a substrate and cured whereby the derivatized anthracene acts as a cross- 
linking agent with the compound having the glycidyl substitution. That disclosed 
ARC can exiiihit certain disadvantages, particularly with respect to stability or 
consistency. Specifically, compounds having glycidyl substitution are relatively 
reactive, e.g.. the glycidyl groups may react with each other or with the derivatized 
anthracene. This can result in a change in viscosity of the ARC coating solution 
during storage which will alter coating characteristics, in use, the described ARCs 
are coated onto a substrate and then cured to induce cro.qf;linking between the 
derivatized anthracene and the glycidyl groups of the glycidyl containing cotnpound. 
Ciire conditions include heating to a temperature of from 150 to 230"'C for up to 30 
minutes. At tliese temperatures, the derivatized anthracene may evaporate or 
sublime from the coating together with the solvents for the coating coinpositiori. 
Since the anthracene derivative is both a chromophore and a crosslinking agent, a 
reduction in its concentration in the ARC can lead to unpredictable absorption 
characteristic!; and unpredictable dissolution properties. 

In Shipley Company's European Application 542 008 Al highly useful 
antihalation (antireHective) compositions are disclosed thai comprise a resin binder 
and a cross! inker compoimd. 

While it has been found that prior ARC compositions may he effective for 
many aniircfleclive applications, prior compositions also may pose some potential 
performance limifafions, e.g. when tlie antireflective compositions arc used with 
resist compositions to pattern features of sub-micron or sub-half micron dimensions. 
Til particular, use of at least some prior antireflective compositions has resulted in 
undercutting of a developed resist relief image, known in the art as "notching*'. 
Another problem has been Tooting", i.e. the faihjre to clear during development 
that results in an upwardly tapering rehef image sidcwall, Both notching and 
footing can compromise the resolution of the image patterned onto the underlying 
substrate. 
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It thus would b& desirable to have new anti reflective coating compositions, 

SUMMARY OF THE TNfVFMTTnN 

'Hie present inveutlon provides new light absorbing crosslinking 
composiLions suitable for use as an ARC, particularly for deep UV appIit;ations. 
lilt; ARCs of the invention in general comprise a crossHnker and a resin hinder that 
effectively absorbs deep UV e?tposure radiation to reduce reflections of same. 

Resin binders of ARO of the invention contain one or more moieties that 
arc chromophores for the exposure radiation of an overcoated resist composition, 
i.e. the moieties are capable of absorbing exposure radiation to diereby reduce 
reflections. For example, for preferred antireflective compositions used with a deep 
UV (DUV) photoresist, preferred chjomophores include anthracenyl, particularly 
alkylene anthracene esters such as pendant groups of the formula 
-{C=0)0(CH2)^aalhracene» wherein n is an integer from 1 to about 6. Other 
preferred chromophores include quinoiinyl and ring-substituted quinolinyl 
derivatives siich as hydroxy quinoiinyl. phenanthrenyl and acridine groups. 
Suitably about 5 to 90 percent of the units of a resin coinprise such a chroniophore, 
more preferably about 10 to 80 percent. Preferred resin binders of the invention 
have an optical density of at least about 4 units//u. at 248 rnn. Preferred resin 
binders also are capable of reaction with the crosslin]<er component, e.g. by a 
hydroxy or carboxy moiety on the resin or a masked" moiety such as an ester that 
can generate such a reactive group in the presence of acid or otherwise. 

The antireflective composition resin binder with chromophore moieiies 
suitably is a copolymer and is prepared by polymerizing two or inure different 
monomers wiiere at least one of the monomers includes a chromophore group. It 
lias been found that thh synthesis provides distinct advantages over functional ization 
of a preformed polymer to add chromophore groups. For example, the syndesis of 
the invention avoids furtlier reaction steps of grafting the chromophore units onto-a 
preformed polymer as well as one or more subsequent tuirification steps. The 
synthesis also permits precise tailoring of the composition of the formed resin. 
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Also, the synthesis of the invention enables good control of the quantity of 
chromophore units on a polymer. In contrast, grafting of chromophore units onto a 
prefonned resin often provides a resin mixture of polymers with varying 
percentages of chromophore. Such differing quantities of chrumophores unit can 
compromise resolution of an image paKerned into an overcoated photoresist layer as 
tlie chromophore differences may result in essentially random reflections of 
exposure radiation. The synthesis of the invention also enables preparation of a 
greater variety of types of polymers. Grafting chromophore units onto at least 
some types of preformed polymers may be quite difficult, or simply not possible, 
particularly in larger scale productions, Por example, it can be particularly difficult 
to drive the reaction to completion resultii]g in undesired products which must be 
removed from desired materials. 

The invention further provides methods for forming a relief image and novel 
articles of manufacture comprising substrates coated with an ARC composition of 
the invention alone or in combination with a photoresist composition. Other aspects 
of the invention arc disclosed infra. 

DETAI LED DESCRJFilON OF THE INVENTION 

The resin binder component of the antireflective compositions of the 
invention are preferably used with deep UV imaging systems and will effectively 
absorb reflections in the deep UV range (typically from about 100 to 300 nm), 
Thus, the resin binder preferably contains units that are deep UV chromophores, 
i.e. units that absorb deep UV radiation. Highly conjugated moieties are generally 
suitable chromophores; Aromatic groups, particularly polycyclic hydrocarbon or 
heterocyclic units, are typically preferred deep UV chromophores, e.g. groups 
having from two to three or four fused or separate rings with 3 to 8 ring members 
in each ring and zero to three N, O or S atoms per ring. Such chromophores 
include substituted and unsubstituted phenanthryl, substituted and unsubsfituted 
anthracyl, substituted and unsubstituted acridine, substituted and unsubstituted 
naphthyl, substituted and unsubstituted quinolinyl and ring-substituted quinolmyls 
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such as hyclroxyquitioiinyl groups. Substituted or unsubstituted anthracy] graups are 
particularly preferred. For example, preferred resin binders have pendant anthracyl 
groups, particularly acrylic resins of the following Formula (I): 



CH2- 



R 
! 



I 

o 



-CH2 



Rl 
I 



I 

o 



CH2 



(I) 




wherein each R and is independently a hydrogen or a substituted or 
unsubstituted alkyi group having from i to about 8 carbon atoms, preferably 
substituted or unsubstituted C,.g alkyI; 

each is independently substituted or unsubstituted alkyl having I to about 
10 carbon atoms, more typically 1 to about 6 carbons; 

each may be independently halogen (particularly F, CI and Br), alkyl 
having 1 to about 8 carbon atoms* alkoxy having 1 to about 8 carbon atoms, 
aikeny] having 2 to about S carbon atoms, alkynyl having 2 to about 8 carbon 
atoms, cyano, nitro. etc.; 

m is an integer of from 0 (where the anthracyl ring is fully hydrogen- 
substituted) to 9, and preferably m is 0, I or 2; 

X is the mole fraction or percent of alkyl acrylate units in the polymer and 
preferably is from about 10 to about 80 percent; and y is the mole fraction or 
percent of anthracene units in the polymer and preferably is from about 3 to 10 tc 
90 percent. The polymer also may contain other units if desired, but preferably the 
polymer will contain at least about 10 mole percent of anthracene units. 
Hydroxyalkyl is a particularly preferred R-^ group, especially alkyl having a primary 
hydroxy group such as where is 2-hydroxyethylene (-CH2CH2OH). Preferably 
the resin binder contains 9-(methylene)anthracene ester units. 
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Anotiier preferred resin binder comprises substituted or unsubstituted 
quinolinyl or a quinolinyl derivative that has one or more N, O or S ring atoms 
such as a hydroxyquinolinyl The polymer may contain other units such as caiboxy 
and/or alkyi ester units pendant from the polymer backbone, A particularly 
preferred ARC resin binder is an aciylic polymer of the following Formula (II): 



CH2- 



R4 
i 



-c 

I 

I 

o 



R5 
I 

-CH2 C 



w 




(ID 



wherein each R"^ and is independently a hydrogen or a substituted or 
unsubstituted alkyl group having from 1 to about 8 carbon atoms » preferably 
substituted or unsubstituted C,.^ alkyl; 

each is independently substituted or unsubstituted alkyl having 1 to about 
10 carbon atoms, more typicaUy 1 to about 6 carbons; 

\V is a bond or substituted or unsubstituted alkylene having 1 to about 4 
carbons, and preferably is a bond; 

Z is a carbon, nitrogen, oxygen or sulfur; 

each.R' may be independently halogen (particularly F, CI and Br), alkyl 
having 1 to about 8 carbon atoms, alkoxy having J to about 8 carbon atoms, 
alkenyi having 2 to about 8 carbon atoms, alkynyl having 2 to about 8 carbon 
atoms, cyano, nitro, etc.; 

n is an integer of from 0 (where the ring is fully hydrogen-substituted) to 7, 
and preferably n is 0, 1 or 2. 

X' is the mole fraction or percent of alky] acrylate units in the polymer and 
preferably is from 10 to about 80 percent; and y' is the mole fraction or percent of 
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quinolinyl or hydroxyquinollnyl units in the polymer ajid preferably is from about 5 
to about 90 percent. The polymer also may contain other units if desired, but 
preferably the polymer will contain at least about 10 mole percent of quinolinyl 
and/or hydroxyquinolinyl units. Hydroxyalkyl is a particularly preferred R* group, 
especially alfcyl having a primary hydroxy group such as where is 2- 
liydroxyelhylene. 

The above-mentioned substituted groups (i.e. substituted groups through 
R*^ and W) may be substihited at one or more avsilable positions by one or more 
suitable groups such as e.g. halogen (particularly V, C! and Br); cyano; hydroxy!, 
nitro, alkanoyl such as a Cj.^ alkanayl group sucli as acyl and lhe like; allcyl groups 
having from 1 to about 8 carbon alom^; alkenyl and alkynyl groups having one or 
more unsatumted linkages and 2 to about 8 carboii atoms; alkoxy groups having 
from 1 lo about .6 carbons; etc. . 

As discussed above, the ARC resin binders are preferably synthesized by 
polymerizing two or more different monomers where at least one of the monomers 
includes a chromophore group, t?,g, an antliracenyi. quinolinyl or hydroxyquinolinyl 
group. A free radical polymerization is suitably employed, e.g.. by reaction of a 
plurality of monomers to provide tlie various units in the presence of a radical 
imtiator preferably under an inert atmosphere (e.g., N, or argon) and at elevated 
temperatures such as about 70^C or greater, although reaction temperatures may 
vary depending on the reactivity of the particular reagents employed and the boiling 
point of the reaction solvent (if a solvent is employed). See the examples which 
follow for exemplary reaction conditions. Suitable reaction temperatures for any 
particufar system can be readily detemiiiied empirically by those skilled in the art 
based on the present disclofture. A reaction solvent may be employed if desired. 
Suitable solvents iiiclude alcohols sucli as propaiiols and bulanols and aromatic 
solvents such as benzene, chlorobcnzene. toluene and xylene. Dimefhylsulfoxide, 
dimethyl formamide and THF are also suitable. The polymerization reaction also 
may be run neat. A variety oi free radical initiators may be employed to prepare 
Lhe copolymers of the invention. For example, azo compounds may he employed 
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such as azO'bis-2»2'-isobutyronitri]e (AlBN) and IJ'-azobis 

(cyclohexanecarbonitrile). Peroxides, peresters, peracids and persulfates aliso can 
be employed. 

Also, while less preferred, a preformed resia may be functionalized with 
chromophorc units. For ejKample, a glycidyl phenolic resin such as a glycidyl 
novolac can be reacted with an anthrauyl carboxylic acid. 

Preferably the ARC resin binder will have a weight average molecular 
weight (Mw) of about 1,000 to about 10,000,000 daltons, hnore typically about 
5,000 to about 1,000,000 daltons, and a molecular number molecular weight (Mn) 

of about 50O to about 1,000,000 daltons. Molecular weights (either Mw or Mn) of 
the polymers of the invention are suitably determined by gel permeation 
chromatography. 

Resin binders of the invention preferably exhibit good absorbance at deep 
UV wavelengtlis such as within the range of from 100 to about 300 nm. More 
specifically, preferred resin binders of the invention have optical densities of at least 
about 3 absorbance units per micron (Absorb, units//A) at about 248 nm, preferably 
from about 5 to 20 or more absorbance units per micron at 248 nm, more 
preferably from about 8 to 15 or more absorbance units per micron at 248 nm. 
Higlier absorbance values for a particular resin can be obtained by increasing the 
percetitage of chromophore units on the resin. 

The antireflective compositions of the invention also may contain resins that 
do not include polycyclic chromophore units as a co-resin present with resins 
hiiving polycyclic chromophore units, or as the sole resin of the ARC binder 
component. For example, phenolic resins such as the poly(vinylphenols), novolaks 
and other resins described below as photoresist resin binders could be employed in 
resin binder components of ARCs of the invention. 

The concentration of the resin binder component of the antireflective 
com[X3sitions of the invention may vary within relatively broad ranges, and in 
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genera] the resin binder is employed in a concentration of from about 50 to 95 
weight percent of the total of the dry components of the ARC, more typically from 
about 60 to 90 weight percent of the total dry components (ail components except 
solvent carrier). 

ARCs of tlie invention also contain a cros.slinker component. A variety of 
crossliiikers may be employed, including those ARC crossHnkers disclosed in the 
above-mentioned Shipley European Application 542008, 

Low basicity crossHnkers are particularly preferred ^uch as a methoxy 
meUiyiated glycouril. A specifically preferred crosslinker is a methoxy methylated 
gJycouril corresponding to the follov^ing structure (III): 



The compnimd is also commercially available under the tradename of Powderiink 
1174 from the American Cyaiiamid Co. 

Other suitable low basicity crossHnkers include hydroAy compounds, 
particularly polyfunctional compounds such as phenyl or other aromatics having one 
or more hydroxy or hydroxy alkyi substituenfs such as a C,.^ hydroxyaikyl 
substituenJs. Phenol compounds are generally preferred such as di-methanolphenol 
(CeH3(CH;jOH)20H) and other compounds having adjacent (within 1-2 ring atoms) 
hydroxy and hydroxyaikyl substitution, particularly phenyl or other aromatic 
compounds having one or more methanol or other hydroxylalkyl ring substituent 
and at least one hydroxy adjacent such hydroxyaikyl substituent. 

It has been found that a low basicity crosslinker such as a methoxy 
metliylatecl glycouril used in antireflcctive compositions of the invention can provide 




(HI) 



This methoxy methylated glycouril can be prepared by known procedures. 
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excellent lithographic performance properties, including the substantial reduction or 
even dimination (SKM exauiinadon) of undercutting or footing of an overcoated 
photoresist relief image. 

The antireflective compoaitions of the invention preferably further comprise 
an acid or acid generator compound for catalysing or promoting reaction of the 
glycourii compound during curing of an ARC coating layer. Preferably an acid 
generator compound is employed that liberates acid upon photolysis or thermal 
treatment. Preferably a thermal acid generator is employed, i.e. a compound that 
generates acid upon thermal treatment. A variety of known thermal acid generators 
are suitably employed such as e.g. 2,4,4,6-tetrabroraocyclohexadienone, benzoin 
tosvlate, 2-nitrobenzyl rosylaie and other alicyl esters of organic sulfonic acids. 
Compounds that generate a sulfonic acid upon activation are generally suitable. 
Typically a thermal acid generator is present in an antireflective composition in 
concentration of from aboui 0.5 to 15 percent by weight of the total of the dry 
components of the composition, more preferably about 2 percent by weight of the 
total dry components. Photoacid generators also may be employed in an 
antireflective composition, for example onium salts, halogenated non-ionic 
photoacid generators such as l\l'bis[p-chlorophenyI]-2,2,2-trichloroethaiie» and 
other photoacid generators disclosed herein for use in photoresist compositions. 
Suitable amounts of a photoacid generator in an antireflective composition in 
general range from about 1 to 15 percent by weight of the total of dry components 
of the composition. For an antireflective composuion containing a photoacid 
generator, a coatiitg layer of the composition is exposed to an effective amount of 
activating radiation to generate the photoacid, followed by a poj^t-exposurc bake at a 
temperature sufficient to cure the coating layer. However, in generally preferred 
emb(xJiments of the invention an antireflective composition is completely or at least 
essentially Free (e.g., less than about 1 weight percent based on total dry 
components weights) of a photoacid generator, and an acid or thermal acid 
generator is used as an acid source and the ARC is cured thermally without an 
exposure step. 
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AIso^ as discussed above, rather than an acid generator, an acid may be 
simply formulated into the ARC, particularly for ARCs that require heating to cure 
in the presence of acid so that the acid does not promote utidesired reaction of 
composition components prior to use of the ARC. Suitable acids include e.g. 
strong acids such as sulfonic acids such as toluene sulfonic acid and sulfonic acid, 
triflic acid, oi mixtures of those materials. 

Afitireflective compositions of the invention also may contain additional dye 
compounds that absorb radiation used to expose an overcoated photoresist layer. 
Other optionaf additives include surface leveling agents, for example, the leveling 
agent available under the tradename Silwet 7604 from Union Carbide, or the 
surfactant FC 171 available from the 3M Company. 

To make a liquid coating composition, the components of the antirefiective 
composition are dissolved in a suitable solvent such as, for example, elhyl lactate or 
one or more of the glycol ethers such as 2-methoxyethyl ether (diglyme), ethylene 
glycol monomethyl ether, and propylene glycol monomethyl ether; solvents that 
have both ether and hydroxy moieties such as methoxy butanol, ethoxy butanol, 
methoxy propanol and ethoxy propanol; esters such as methyl celiosolve acetate, 
ethyl celiosolve acetate, propylene glycol monomethyl ether acetate, dipropytene 
glycol monomethyl ether acetate and other solvents such as dibasic esters, propylene 
carbonate and gamma-butyro lactone. The concentration of the dry components in 
the solvent will depend on several factors such as the method of applicarion. In 
general, the solids content of an antirefiective composition varies from about 0,5 to 

20 weight [DCicent of the total weiglu of the antirefiective composition, preferably 
the solids content varies from about 2 to 10 weight percent of the total weight of the 
antirefiective composition. 

A variety of photoresist compositions can be employed with the antirefiective 
compositions of the invention, including positive-acting and negative-acting 
photoacid-gcnerating compositions. Photoresists of the invention typically comprise 
a resin binder and a photoactive component, typically a photoacid generator 
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compound. Preferably the pliotorcsist resin binder has functionaJ groups that impart 
alkaline aqueous developabiUiy to the images resist composition. Preferred are 
resin binders that comprise polar ftjnctioiial groups such as hydroxy] or carboxyiate 
aiid die resin binder is used in a resist composition in an amount sufficient to render 
the resist developable with an aqueous alkaline solution, 

Generally preferred resist resin binders are phenolb resins including phenol 
aldehyde condensates known in the art as novolak resins, homo and copolymers or 
alkenyi phenols and homo and copolymers of N-hydroxyphenyl-maleimides, 

Examples of suitable phenuls for condensation with a aldehyde, especially 
formaldehyde, for the formation of novolak resins include phenol; m-cresol; o-^ 
cresol; p-cresol; 2,4-Kylenol; 2,5-.\yienol; 3,4-xylenol; 3,5-^xylenol; thymol and 
mixtures thereof. An acid catalyzed condensation reaction results in formation of a 
suitable novolak resin which may vary in molecular weight (Mw) from about 500 to 
100.000 daltons. Poly(vinyjphehols) may be prepared, e.g., as disclosed in U.S. 
Patetit No. 4,439,515, Preferred resin binders and the preparation thereof are also 
disclosed in U.S. Patent No. 5, 128,230, 

Poly(vinylphenols) may be formed by block poiymerizaiion. emulsion 
polymerization or solution polymerization of the corresponding monomers in Ihc 
presence of a catalyst. Vinylphenols useful for the production of polyvinyl phenol 
i-csins may be prepared, for example, by hydrolysis of commercially available 
coumann or substituted coumarin. followed by decarboxylation of the resuking 
hydroxy cinnamic acids. Useful vinylphenols also jnay be prepared by dehydration 
of the corresponding hydroxy dkyl phenols or by decarboxylation of hydroxy 
cinnamic acids resulting from the reaction of substituted or norisubstimted 
hydroxybenzaldehydes with malonic acid. Preferred polyvinyiphenol resins 
prepared from such vinylphenols have a molecular weight (Mw) range of from 
about 2,000 to about 60,000 daltons. 



are 



Copolymers containing phenol and nonaromatic cyclic alcohol units also 
prefened resin binders for resists of the invention and may be suitably prepared by 
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partial hydrogenation of a iiovolak or poly(vinylphenol) resin. Such copolymers 
and (he use thereof in photoresist compositions are disclosed in U.S. Patent No. 
5 , 1 28 , 23 2 10 Thackeray et al. 

Further preferred resin binders include resins formed from 
bishydroxy methylated compounds, and block novolak resins. See U.S. Patents 
Nos. 5,130,410 and 5,128,230 where such resins and use of same in photoresist 
compositionii is disclosed. Additionally, two or inore resin binders of similar or 
different compositions can be blended or pombined together to give additive control 
of lithographic properties of a pholoresi.st composition. For instance, blends of 
resins can be used to adjust photospeed and thermal properties and to control 
dissolution behavior of a resist in a developer. 



One suitable class of photoresists for use with ARCs of the invention are 
"conventional" positive-acting resists that comprise a photoacid generator and a 
resin binder component such as a novolak or poly(vinylphenol) or partially 
hydrogenated derivative thereof and wherein the photoactive component serves as a 
dissolution rate inhibitor. Photoactivation of a coating layer of the resist results in 
conversion of the photoactive component to an acidic material, rendering regions of 
the coating layer containing this acidic photoproduct comparatively more soluble in 
an aqueous alkaline developer solution than regions that contain only the intact 
(non-activated) photoactive component. The. photoactive component typically used 
in these positive resists are quinone diazides such as 2,1,4 diazonaphthoquinone 
sulfonic acid esters and 2, 1 ,5-dUzonaphthoquinone sulfonic acid esters. 

In particularly preferred aspects of the invention, the ARCs of the invention 
are used with cheniically amplified positive-acting resist compositions. A number 
of such resisi compositions have been described, e.g., in U.S. Patents Nos, 
4,965,58J; 4,g83.740; 4,8J0,613 and 4,491,628. all of which am Incorporated 
herein by reference for their teaching of making and using chemically amplified 
positive-accing resists. A particularly preferred chemically amplified photoresist for 
use with an ARC of the invention comprises in admixture a photoacid generator and 
a resin binder that comprises a copolymer containing both phenolic and non- 
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phenolic units. For example, one preferred group of such copolytners has acid 
labile, groups substantially, essentially or completely only on non-phenolic units of 
the popolymer. One especially preferred copolymer biixler has repeating units x 
and y of the following formula: 




OH 



wherein the hydroxyl group be present at either the ortho, meta or para 
positions throughout the copolymer, and R' is substituted or unsubstituted alkyl 
having I to about 18 carbon atoms, more typically 1 to about 6 to 8 carbon atoms, 
rm-butyl is a generally preferred R* group. An R' group may be optionally 
substituted by e.g. one or more halogen (panicularly F, CI or Br), C,.g alkoxy, C2.8 
alkenyl, etc, The units x and y may be regularly alternating in (he copolymer, or 
may be randomly intersperfied through the polymer. Such copolymers can be 
readily formed. For example, for resins of the above formula, vinyl phenols and a 
substituted or unsubstituted alkyl acrylate such as ^butylacrylate and the like may 
be condensed under free radical conditions as known in the art. The substituted 
ester moiety, i.e. R'-0-C(=0)-, moiety of the acrylate units serves as the acid 
labile groups of the resin and will undergo photoacid induced cleavage upon 
exposure of a coating layer of a photoresist containing the resin. Preferably the 
copolymer will have a Mw of from about 8,000 to about 50.000, more preferably 
about 15,000 to about 30.000 with a molecular weight distribution of about 3 or 
less, more preferably a molecular weight distribution of about 2 or less. Non- 
phenolic resins, e.g. a copolymer of an alkyl aci^Jate such as f-butylacrylate or t- 
butylmethacrylate and a vinyl alicyclic such as a vinyl norbornyt or vinyl 
cyclohexanol compound, also may be used as a resin binder in compositions of the 
invention. Such copolymers also may be prepared by .such free radical 
polymerization or other known procedures and suitably will have a Mw of from 
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about 8,000 to about 50,000, and a molecular weight distributiGn of about 3 or less. 
Additional preferred chemically-amplified positive resists are disclosed in U.S. 
Patent 5,258,257 to Sinta et aL 

Preferred negaiivc-acting resist compositions for use with an ARC of the 
invention comprise a mixture of materials that will cure, crosslink or harden upon 
exposure to acid, and a photoacid generator. 

Particularly preferred negative-acting resist compositions comprise a resin 
binder such as a phenolic resin, a crosslinker component and a photoactive 
component of the invention* Such compositions and the use thereof have been 
disclosed in European Patent Applications 0164248 and 0232972 and in U,S. Patent 
No. 5,128,232 to Thackeray et ah Preferred phenolic resins for use as the resin 
binder component include novolaks and po[y(vinyIphenol)s such as those discussed 
above. Preferred crosslinkers include amine-based materials, including melamine, 
glycourils, benzoguanamine-based materials and urea-based materials. Melamine- 
formaldehyde resins arc generally most preferred. Such crosslinkers are 
commercially available, e.g. the melamine resins sold by American Cyanamid under 
the trade names Cymel 300, 301 and 363, Glycouril resins are sold by American 
Cyanamid under trade names Cymel U70, 1171, 1172, Powderlink 1174, urea- 
based resins are sold under the trade names of Beetle 60. 65 and 80. and 
benzoguanamine resins are- sold under the trade names Cymel 1123 and 1125. 

Suitable photoacid generator compounds of resists used with ARCs of the 
invention include the oiiium sahs, such as those disclosed in U.S. Patent Nos. 
4,442.197. 4,603,101, and 4,624,912, each incorporated herein by reference; and 
non-ionic organic photoactive compounds such as the halogenated photoactive 
compounds as in U.S. Patent 5,128,232 to Thackeray et al. and sulfonate photoacid 
generators including sulfonated esters and sulfonylpxy ketones. See J. of 
Photopolynwr Science and Technology, 4(3):337-340 (1991), for disclosure of 
suitable sulfonate PAGS, including benzoin tosylate, t-butylphenyl alpha-(p- 
toluenesulfonylo^y)~acetate and t-butyl alpha-(p-to]uenesulfonyloxy)-acetate. 
Preferred sulfonate PAGs are also disclosed in U.S. Patent 5,344,742 to Sinta et al. 
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Photoresists for use with an ARC of the invention also iray contain other 
materials. For example, other optional additives include actinic and contrast dyes, 
anti-striation agents, plasticizers, speed enhancers, etc. Such optional additives 
typically will be present in minor concentratiGn in a photoresist composition except 
for fillers and dyes which may be present in relaiively large concentrations such as, 
e-g-, in amounts of from 5 to 30 percent by weight of the total weight of a resist's 
dry components. 

ARCs of tlie invention that include a low basicity crossHnker such as a 
suitable glycouril are particularly useful with photoresists 'that generate a strong acid 
photoproduct upon exposure such as triflic acid, camphor sulfonate or other sulfonic 
acid, or other acid having a pKa (25%:) of about 2 or less. Without wishing to be 
bound by theory, it is believed ARCs of the invention are particularly effective with 
such strong acid resists because tlie strong photogenerated acid will migrate fronl 
Uie resiiit and remain in the ARC layer to a lesser extent relative to a comparable 
ARC that contain a more basic crosslinker. That is» the low basicity crosslinkers of 
the invention will He up strong photogenerated acids of an overcoated resist layer to 
a lesser extent than a more basic ARC crosslinker, As a result diereof, less acid 
loss from the resist layer will occur and resolution problems such as footing will be 
reduced . 

In use, an antircflective composition of the invention is applied as a coatinig 
layer to a substrate may any of a variety of methods such as spin coating. The 
antireflective composition in general is applied on a substrate with a dried layer 
thickness of between about 0.02 and 0.5 ftm, preferably a dried layer thickness of 
between about 0.04 and 0.20 /xm. The substrate is suitably any substrate 
conventionally used in processes involving photoresists, For example, the substrate 
can be silicon, silicon dioxide or aluminum-aluminum oxide microelectromc wafers. 
Gallium arsenide, ceramic, quartz or copper substrates may also be employed. 
Substrates used for liquid crystal display or other flat panel display applications are 
also suitably employed, for example glass substrates, indium tin oxide coated 
substrates and the like. 
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Preferably the antirenective layer is cured before a photoresist composition 
is applied over the ARC, Cure conditions will vary with the components of the 
ARC, Thus, if the composition does not contain an acid or acid generator, cure 
temperatures and conditions will be more vigorous than those of a composition 
containing an acid or acid generator compound. Typical cure conditions arc from 
about 120°C to 225 °C for about 0.5 to 40 minutes. Cure conditions preferably 
render the ARC coating layer substantially insoluble to the photoresist solvent as 
well as an alkaline aqueous developer solution. Additionally, as discussed above, if 
tlie ARC includes a photoacid generator, the composition coating layer can be at 
least partially cured by exposing the coating layer to an effective amount of 
activating radiation (e.g., between about 10 to 300 mJ/cm'^), followed by a 
post-exposure bake of from 50 to 225 "C, 

After such curinig a photoresist is applied over the surface of the ARC. As 
with application of the APsC, the photoresist can be applied by any standard means 
such as by spinning, dipping, meniscus or roller coating. Following application, 
tlie photoresist coating layer is typically dried by heating to remove solvent 
preferably until the rcsisi layer is tack free. Optimally, essentially no intermixing- 
of the ARC layer and photoresist layer should occur. 

llie resist layer is then imaged with activating radiation through a mask in 
conventional manner. The exposure energy is sufficient to effectively activate the 
photoactive component of the resist system to produce a patterned image in the 
resist coating layer, more specifically, the exposure energy typically ranges from 
about 3 to 300 inJ/cm^ depending upon the exposure tool. The exposed resist layer 
may be subjected to a post-exposure bake if desired to create or enhance solubility 
differences between exposed and unexposed regions of a coating layer. For 
exaniple^ negative acid-hardening photoresists typically require post-exposure 
heating to induce the acid-promoted crosBiinking reaction, and many chemically 
amplified positive-acting resists require post-exposure heating to induce an 
acid-promoted deprotection reaction. Typically post-exposure bake conditions 
include temperatures of about 50^C or greater, more specifically a temperature in 
the range of From about ^O^'C to 160''C. 
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The exposed resist coating layer 'is tlien developed, preferably with an 
aqueous basetl developer such as an inorganic alkali exemplified by tetrabutyl 
ammonium hydroxide, sodium hydroxide, potassium hydroxide, sodium carbonate, 
sodium bicarbonate, sodium silicate, sodium metasilicate, aqueous ammonia or the 
like. Alternatively » organic developers can be used. In general, development is in 
accordance with art recognized procedures. Following development, a final bake of 
an acid-hardening photoresist is often employed at temperatures of from about 100 
to 150*C for scveial minutes to further cure the developed exposed coating layer 
areas. 

The developed substrate may then be selectively processed on those 
substrates areas bared of photoresist, for example chemically etching or plating 
substrate areas bared of photoresist in accordance widi procedures well known in 
the art. Suitable etchants include a hydrofluoric acid etching solution and a plasma 
gas etch such as an oxygen plasma etch. A plasma gas etch removes the 
crosslinked antilialatlon coating layer. 

All documents mentioned herein are incorporated herein by reference. 

The following non-limiting examples are illustrative of the invention. 

Examples 1-6 ^ Preparation of preferred ARC resin binders. 
1. Preparation of monomers with chromophores. 
A. Preparation of chloroxirie methacrylate. 

A 500 ml round bottom flask equipped with magnetic stirrer and nitrogen 
inlet was charged with 5.0 g (0.0234 mol) 5,1 dichloro-8-hydroxyquinoline 
(chloroxine), 2.01 (0.0234 mol) methacrylic acid, 500 ml methylene chloride, L43 
g (0.5 cq.), 4-dimcthylamino-pyridine (DMAP) and 6,72 g l-(3-diraethylamino 
propyI)-3"ethyIcarbodimide (EDCI). Tlie reaction mixture was stirred under a 
blanket of nitrogen for 12 hours at 25°C, The product was purified by column 
chromatography (methylene chloride) to give a pale yellow solid (yield 67%). 
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B. Preparation of methylanthracetie methacrylate. 
Methylaiithracene methacr>'late (CH3C( = CHi)C02CH2,-9-anthracene) was 
prepared as disclosed in Macromolecules^ 17(2): 23 5 {1984), 

2, Preparation of resins, 

Hydroxyethyl metliaciylate (HEMA)/methylantiiracene meLliacrylate 
(ANTMA) copolymer (Formula II above) was prepared as follows. 

A 300 ml 3N round bottom flask equipped wilh magnetic stirrer, condenser, 
mitrogen and vacuum inlet was charged with 16.0 g (0.1229 mol) HEMA (purified 
by distillation), 8.49 g (0.0307 mol) methyianthracene methacrylate, 0.2449 g (1 
wt. %) AIBN and 180 ml THF. The reaction flask was quenched in liquid nitrogen 
while being purged with nitrogen. When the contents of the reaction flask were 
frozen, the flask was evacuated, iheji purged with nitrogen (3 times). The reaction 
mixture was stirred under reflux for 18 hours. The pale yeJlow polymer was 
precipitated into 3000 ml ether, filtered, then dried at 50°C under vacuum (yield 
86%) to provide the HEMA/ANTMA copolymer having 81 mole percent of 
-CH2C(CH3)(C02CH3CHaOH)- units and 19 mole percent of 

-CH2C(CH3)(C02CH3-9-anthracene) units, a Mn of 2295, Mw of 19150 and a Tg of 
lOPC. 

Additional HEMA/ANTMA copolymers and HEMAVchloroxine methacrylate 
copolymers {resins of Examples 2-6) were prepared by similar procedures, with the 
substitution of chloroxine methacrylate for methyianthracene methacrylate in the 
case of preparation of HEMA/chloroxine methacrylate copolymers. 

Examples 7-14 Preparation and use of ARCs of the invention. 

Examp le 7 

A preferred antireflective composition of the invention was prepared by 
mixing the components set forth below, with component amounts expressed as parts 
by weight based on total weight of the liquid antireflective coatiiig composition: 
0 Resin binder : 2,33% Polymer (novolac resin base with approximately 4% 
glycidyl groups replacing OH, and approximately S0% of OH groups replaced by 
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-0(C 



0)CH39-amhraccnc) 

Ciossl inker: 0, 61 % Powderlirik 1 174 (American Cyajiamid) 
Acid: 0.06% p-tolucnc sulfonic acid 



2) 
3) 



4) go,! vent: 18% ethyl lactate^ 10% cyclohexanore; and 68.97% propylene 
glycol monomethyl ether 

The antireflective composition was spin coated onto a single crystal silicon 
substrate lOOmm in diameter at 3100rpm, and baked on a vacuum hot plate at 
ZOS'^C for 60 seconds. The resulting thickness was 600 angstroms. Over this ARC 
layer a commercially available DUV negative photoresist (sold under the tradename 
of CGR248 and available from IBM) was applied to a thickness of 8900A after a 
vacuum hot piate bake at 95 ^'C for 60 seconds. The overcoated resist layer was 
exposed to KrF excinier radiation (248nm) with an ISI XLS projection stepper 
through a mask patterned with small lines and spaces with a dose of 9 mJ/cm^ The 
wafer was then baked on a vacuum hot plate at 95 "C for 60 seconds, and then 
developed with M:F702 developer {Shipley Co.; alkaline aqueous solution) for 40 
seconds. Resist footing was measured by cross-section SEMs for both isolated and 
dense lines 0,27 jitm wide and averaged 12 nm. 

Example 8 

A further preferred antireflective composition of the invention was prepared 
by mi;ting the componenis set forlh below, with component amounts expressed as 
parts by weight based on total solids (all components except solvent) of the 
antireflective coating composition: 

1) Resin birder ; 2.33% Polymer (novolac resin base with -4% 
glycidyl groups replacing OH, and -80% of OH groups replaced by ^ 
0(C ^ O ) C -anth 1 a cene) 

2) Crosslinker: 0.61% Powderlink 1174 (American Cyanamid) 

3) Acid: 0,06% p-toluene sulfonic acid 

4) Surfactan t: 0.03 % FC 171 (3M Co.) 

5) Solvent: 18% ethyl lactate; 10% cyciohcxanone; and 68,97% 
propylene glycol monomethyl ether 
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This antireflective composition was spin coated onto a single crystal silicon 
substrate lOOnirn in diameter, and baked on a vacuum hoi plate at for 60 

seconds. The resulting thickness was 600A, Over this ARC layer a coating layer 
of a DUV negative photoresist was applied. The resist contained (amounts 
expressed in weight percents): S8.34% 12% mesylated polyCvinylphenol) 
(Mw=50(X)); 2,65% triaryl&ulfomum triflale; 8.83% PowderlinJc 1174; 0.177% 
telrabutylamnioniuin hydroxide; 0*2% Silwet 7604; and solvent of ctliyl lactate to a 
thickness of 7575A after a vacuum hot plate bake at 90°C for 60 seconds* 
Preparation of mesylated poly(vinylphenol) is described in U.S. Patent 5,514,520. 
issued on May 7, 1996. The overcoated resist was exposed to KrF excimer 
radiation (248nm) with an ISl XLS projection stepper through a ma^ik patterned 
with small lines and spaces with a dose of 17.9 mJ/cnij. The wafer was then baked 
on a vacuum hot plate at 13d*C for 60 seconds, and then developed with CD26 
(Shipley) developer for 35 seconds. Resist footing was measured by cross-section 
SEMs for both isolated and dense lines 0,25um wide and averaged 6nm. 

Example 9 

A further preferred andreflective composition of ihe invention was prepared 
by mixing the components set forth below, with component amounts expressed as 
parts by weight based on total weight of the liquid antireftective coating 
composition: 

1) Resin binder : 2.(52% copolymer of 9-an4hrylme thy hnethacry late (25moI%) 
and 2-hydroxyethylineihacrylate (74 mol%) 

2) Crosslinker : 0,36% Powderlink 1174 (American Cyanamid) 

3) Thcnnat Acid Crosslinker : 0.02% 2-nitrobenzyltosylate 

4) Surfactant: 0.003% FC431 (fluorinated alkyi ester available from 3M 
Co.) 

5) Solvent: 96% propylene glycol monomethyl ether; 1.0% cyclohexanone 
This autireflective composition was spincoated onto a single crystal silicon 

substrate lOQmm in diameter, and baked on a vacuum hot plate at 150*C for 60 
seconds. The resulting coating layer thickness of tlic ARC was 740A. Over this 
ARC a ccinmercialiy available DUV positive photoresist (sold under the tradename 



- E8 - 



(44) 



10-204328 



UVIIHS and available frt>m the Shipley Co.) was applied to a thickness of 8900A 
after a vacuum hot plate bake at HC^C for 60 seconds. It was exposed. to KrF 
exciiner radiation (248nm) with an ISI XLS projection stepper through a mask 
patterned with small lines and spaces with a dose of 1 LO mJ/cm^. The wafer was 
then baked on a vacuum hot plate at 135*C for 90 seconds, and then developed 
with CD26 (Shipley) developer for 50 seconds. Resist footing was measured by 
cross section SEMs for both isolated and dense lines. 

Exa mple 10 

A further preferred antiretlective composition was prepared by mixing the 
following components, with component amounts expressed as parts by weight based 
on total weight of the liquid antireflective composition: 

1) Resia binder : 3.88% Polymer (novolac resin base with —4% glyciclyl 
groups replacing OH, and -80% of OH groups replaced by -0(C==^0)CH3-9- 
anthracene + - 1 0 % residual 9-anthracene carboxylic acid) 

2) C rosslinker : 1,02% Powdedink 1174 (American Cyanamid) 

3) Acid: 0.10% p-toluene sulfonic acid 

4) Surfactant: 0.05% FC 171 (3M Co) 

5) Solvent : 94.97% propylene glycol monomethyl ether 

Thfs ARC wa.s spin coated onto a single crystal silicon substrate 100mm in 
diameter, and baked on a vacuum hot plate at 20.'5*'C for 60 seconds. The resulting 
thickness, was 988A. Over this was coated a coniinercial DUV positive photoresist, 
UVIIHS (Shipley Co.) to a tliickness of 8620A after a vacuum hot plate baked at 
140°C for 60 seconds, It was e;tposed to KrF excimer radiation (248 nm) with an 
ISI XLS projection stepper through a mask patterned with small lines and spaces 
with a dose of ILO mJ/cm^. The wafer was then baked on a vacuum hot plate at 
140^C for 90s, and then developed with CD26 (Shipley) developer for 50 seconds. 
Resist footing was measured by cross-section SEMs for both isolated and dense 
lines 0,25fjim wide and averaged ~4mn. 

Example 11 

A further preferred antireflective composition was prepared by mixing the 
following components, with component amounts expressed as parts by weight based 
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on total wtiight of the liquid antireflective composition: 

1) Resin binder : 3.88% Polymer (novolac resin base with -4% glycidyl 
groups replacing OH, and -45% of OH groups replaced by -0(C=0)CH2~9" 
anthracene and 35% of OH groups replaced by COHCH20(C=0)CH3 -79* 
residual 9-anthraceiie carboxylic acid) 

2) Crosslinker : 1.02% Powderlbk 1174 (American Cyanamid) 

3) Acid : 0.10% p-toluene sulfonic acid 

4) Surfactant : 0.05% FC 171 (3M Co) 

5) Su Iveat : 94.97% propylene glycol monomethyl ether 

This ARC was spin coated onto a single crystal silicon substrate iOOmm in 
diameter, and baked on a vacuum hot plate at 205 ""C for 60 seconds. The resulting 
thickness was 1095A. Over this was coated a commercial DUV positive 
photoresist. APEX-E (Shipley Co.) to a thickness of 8394A after a vacuum hot 
plate baked at 90'' C for 60 seconds. It was exposed lu KrF excimcr. radiation 
<245inm) with an ISl XLS projeclioiiL stepper through a mask patteriied with small 
lines and spaces with a dose of 8,6 mJ/cm'. Tlie wafer was then baked on a 
vat:uijrn hot plate at 90^C for 60s, and then developed with 1V1F702 (Shipley] 
developer for 60 seconds. Resist footing was measured by cross-section SEMs far 
both isolated and dense lines 0.30;*m wide and aventged — 5iuii. 

Example 12 

A fuilher preferred antireflective composition was prepared by mixing the 
following components, with component amounts expressed as parts by weight based 
on total weight of the liquid antireflective composition: A solution containing: 

1) Resin binder : 2.58% terpolymer of 9-anthrylmethylmethacrylate (24 mol?^), 
2-hydroxyethyImeihacrylate (54 mbl%) and raethacrylic acid (22%) 

2) Crossli nker: 0.38% Powdcrlink 1174 (American Cyanamid) 

3) Thermal Acid Crosslinker : 0.038% benzoin tosylaEe 

4) Surfactant : 0.003 % FC431 {3M Co) 

5) Solvent : 97% propylene glycol monomethyl ether 

This ARC was spin coated onto a single crystal silicon subsliale lOOmm in 
diameter, and baked on a vacuum hot plate at 175*C for 60 Jieconds. The resulting 
thickness was 595A, Over this was coated a commercial DUV positive photoresist, 
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UVIIHS (Shipiey Co.) to a ihickness of 7950A after a vacuum hot plate baked at 
IBS'^C for 60 seconds. It was exposed to KrF excimer radiation (248nm) wUli an 
ISl XLS projectiDii stepper. The wafer was then baked on a vacuum hoi plate at 
130^C for 60 seconds, and then developed with CD26 (Shipley) developer for 50 
seconds. Resist footing was measured by cross-section SEMs for both isolated and 
dense lines 0.25/im wide and averaged -19nin. 

Example 13 

A further preferred antireflective composition was prepared by mixing the 
following ccmponents, with contponenJ amounts expressed as parts by weight based 
on total weight of the liquid antireflective composition: 

1) Resm binder : 3.58% copolymer: methylmethacrylate (39mol^), 2- 
hydroxyethylmethacrylate (27%), methacrylic acid <7%) and butyl acrylate (27%) 

2) Crosslinkcr : hO% Powderlink 1 L74 (American Cyananiid) 

3) Thermal Acid Geaeiator : 0.0185% 2-nitrobenzyltosylatc 

4) Surfactant: 0.002% Silwet L7001 (Union Carbide) 

5) Solvent : 95% propylene glycol monomethyl ether 

. This ARC was spin coaled onto. a single crystal silicon substrate iOOnam in 
diameter, and baked on a vacuum hot plate at i50^C for 60 seconds. The resulting 
thickness was IISOA, Over this was coated a conunercia! DUV positive 
photoresist, APEX-E (Shipley Co.) to a thickness of 8400A after a vacuum hot 
plate baked at 90°C for 60 seconds. It was exposed to KrF excimer radiation 
{248nm) with an ISI XLS projection stepper through a mask patterned whh small 
lines and spaces with a dose of 6.0 mJ/cm^ The wafer was then baked en a 
vacuum hot plate at 90*C for 90s, and tiien developed with MF321 (Shipley) 
developer for 60 seconds. Resist footing was measured by cross-section SEMs for 
both isolated arrf dense lines 03Qfim wide and averaged 43nm. 

Example 14 

A further preferred antireflective composition was prepared by mixing the 
following components, with component amounts expressed as parts by weight based 
on total weight of the liquid antireflective composition: 
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L) Resin binder : 3.8% copolymer of 9-anthrylmethylmethacrylate (32 mDl%) 
and 2"hydroxyetliylmethac:ryIate (68 mol%) 

2) Crosstinker : 1.0% Powderlink 1174 (American Cyanamid) 

3) Thennal Acid Generator : 0. 185% 2-nitrd3enzyltosy late 

4) Surfactant: 0.0015% FC431 C3M Co.) 

5) Solvent : 95% propylene glycol monometliyl ether 

This ARC was spin coated onto a single crystal silicon substrate 100mm in 
diameter, and baked on a vacuum hot plate at ISC'C for 60 seconds. The resulting 
thickness was 1077A. Over this was coated a commercial DUV positive 
photoresist, APEX-E (Shipley Co.) to a thickness of 8400A after a vacuum hot 
plate baked at 90''C for 60 seconds. It was exposed to KrF excimer radiation 
(248nm) with an ISI XLS projection stepper through a mask patterned with small 
lines and spaces with a dose of 7.3 mJ/cm^ The v^afer was then baked on a 
vacuum hot plate at 90 for 90s, and then developed with MF321 (Shipley) 
developer for 60 seconds. Resist footing was measured by cross-section SEMs for 
both isolated and dense lines 0.30jLtm wide and averaged 12nm. 

The foregoing description of the invention is merely illustrative thereof, and 
it is understood thai variations and modifications can be effected without departing 
■from the scope or spirit of the invention as set forth in the following claims. 
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1/1 

U Abstract 

ABSTRACT OF THE DISCLOSURE 

The invention provides new light absorbing crossliiikiog compositions 
suitable for use as an antircflcctivc composition (ARC), particularly for deep UV 
applications. The ARCs of the invention in general comprise a crosslinker and 
novel ARC resin binders that effectively absorb reflected deep UV exposure 
radiation. 



2, Representative Drawing 
Nothing 



